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‘You are what you eat’ is a well-known adage that is supported by evidence linking healthy diets to 
greater physical well-being. The cornerstone of a healthy diet is a high intake fruit and vegetables, 
containing a variety of micronutrients critical for optimal physical and mental functioning. Given 
the associated physical benefits, there has been an increasing level of interest in the potential role 
of fruit and vegetable intake (FVI) in mental health. However, the literature linking diet to mental 
health is limited and reflects a number of methodological issues that preclude researchers from 
understanding the full extent that FVI can play in mental health.  These include: a predominant 
focus on factors relating to mental ill-being (such as depression), issues with control variables and 
specificity of mental health measures, limited investigation into plausible mechanistic pathways, 
and most importantly, a paucity of experimental research that speaks to the causal nature of this 
relationship. The aim of this thesis was to provide a comprehensive, multi-method approach to 
examining the observational and causal relationships between FVI and a range of mental health 
outcomes in young adults; guided by the World Health Organisation definition that mental health 
encompasses not only the absence of illness (e.g., depression, anxiety), but the presence of well-
being (e.g., flourishing, vitality). First, I provide an overview of the literature, highlighting the 
methodological gaps which provide the rationale for the subsequent empirical studies. These 
include: a correlational study exploring the influence of FVI on a range of mental well-being 
outcomes (e.g., flourishing); a randomised controlled trial exploring whether the relationship 
between FVI and mental health is causal and whether key micronutrients mediate this link; and 
finally, a large observational survey study exploring the differential effects of raw versus 
iv 
 
cooked/canned/processed FVI on mental health. Additionally, secondary aims explored the 
development and execution of a mobile phone-based Ecological Momentary Intervention (EMI) to 
increase FVI in low-consuming young adults. Collectively, this body of work provides insights into 
the nuances of the relationship between FVI and mental health. Overall, daily fruit and vegetables, 
especially those consumed raw, appear to have significant links with mental well-being outcomes, 
such as vitality, creativity, curiosity, motivation, and socio-emotional flourishing.  While this thesis 
provided some support for the role of FVI in buffering against mental ill-being such as depressive 
symptoms, the links with well-being were consistently stronger. Most importantly, this thesis 
addresses the major limitation highlighted in the literature – causality – by providing the first 
evidence that the relationship between FVI and mental well-being is causal, and can occur 
relatively rapidly in day-to-day life.  These findings suggest that we eat has a powerful effect on 
how we feel, and that policy makers and clinicians can harness nutritional psychiatry strategies as a 
promising route of mental health improvement.  
Keywords: fruits and vegetables, young-adults, well-being, hedonia, eudaimonia, focus groups, 
ecological momentary intevrentions, mHealth, randomised controlled trial, nutrition  
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CHAPTER 1: Literature Review 
The role of fruit and vegetable intake in mental health 
The risk of unhealthy eating has been long established, with fruit and vegetable intake (FVI) 
regarded as one of the cornerstones of a healthy diet (Trichopoulou et al., 2013). Poor nutrition is 
increasingly being linked to ill-health, so much so that the Global Burden of Disease project in 
2013 predicted that 3.4 million deaths and 1.8 million deaths worldwide were attributable to diets 
deficient in fruits and vegetables, respectively (Forouzanfar et al., 2015).  Increasing FVI is 
predicted to be associated with a reduced global risk of diabetes, some cancers, micronutrient 
deficiencies, as well as diminishing the burden of ischaemic heart disease and stroke (Aune et al., 
2017; Lock, Pomerleau, Causer, Altmann, & McKee, 2005; World Health Organisation (WHO), 
2005, 2014). While the physical health benefits are well-established, there is some evidence for the 
beneficial role of FVI in mental health, although the benefits are not well understood here. 
However, the nutrients provided by fruits and vegetables (FV) influence a number of bodily 
systems such as inflammation, gut health, and neurotransmission (Claesson et al., 2012; Galland, 
2010; Giugliano, Ceriello, & Esposito, 2006; Harrison & May, 2009) – all of which have been 
implicated in mental processes such as mood regulation (Foster & Neufeld, 2013; Kaplan, 
Crawford, Field, & Simpson, 2007; Raison & Miller, 2011). So logically, it would seem that a diet 
rich in FV could play a meaningful role in mental health
1
. The aim of this chapter is to provide an 
up-to-date narrative literature review of the evidence linking FVI to mental health outcomes, which 
will establish the justification for the three empirical studies in this thesis.  
Past reviews of research have suggested inconsistent associations between higher FVI and 
mental health.  For example, one previous review by Rooney and colleagues published in 2013 
reported some promising links between FVI and a lower incidence of depressive disorders, but 
                                                 
1
 In this thesis, the term ‘mental health’ is used as a general term to describe both the negative (e.g., 
depression) and positive (e.g., flourishing) psychological factors that contribute to an inividual’s 
mental state. The term ‘mental ill-being’ is used to refer to negative aspects of mental health (e.g., 
depression, anxiety, stress); whereas, ‘mental well-being’ refers to the postive factors that 




definitive conclusions about this link could not be made due to an over-representation of 
observational studies, studies with small sample sizes, and a paucity of randomised controlled trials 
at the time (Rooney, McKinley, & Woodside, 2013).  Rooney and colleagues (2013) identified the 
need for more experimental studies that would help establish cause and effect. Furthermore, 
although a handful of meta-analyses have drawn positive conclusions about the relationship 
between general diet quality or dietary patterns (e.g., Mediterranean diet) and depression (Lai et al., 
2014; O’Neil et al., 2014; Psaltopoulou et al., 2013; Quirk et al., 2013), these meta-analyses do not 
separate the role of FVI from other healthy elements of the diet (e.g., fish, nut, and whole grain 
consumption), which limits inferences about FVI specifically.  Lastly, these prior reviews mainly 
focus on the links between FVI and depression, which reflects a deficit orientation to mental health 
(Keyes, 2007; Ryff & Singer, 2008), and ignores important aspects of positive mental well-being 
such as happiness, vitality, and optimal states of socio-emotional flourishing.  However, since the 
publication of these prior reviews, additional empirical studies have been published that fill some 
of the methodological gaps, including the use of experimental designs, a specific focus on FVI, 
larger sample sizes, and inclusion of a wider range of mental health measures. Thus, the time has 
come for a more up-to-date review of the literature linking FVI to psychological outcomes.   
This review is divided into two broad sections.  In the first section, I review the evidence 
linking FVI to the negative aspects of mental ill-being, most commonly depression, but also 
anxiety, negative affect, stress, and general psychological distress. This section includes the 
research previously summarised by Rooney et al. (2013), but adds the research published since 
their important publication. I review the available observational research, longitudinal research, and 
experimental research, in that order. In the second section, unique to this thesis, I review the 
evidence linking FVI to the positive aspects of mental well-being such as happiness, life 
satisfaction, and positive affect.  In this way, my thesis draws upon the conceptualisation of health 
by the World Health Organisation (WHO), which recognises that health exists on a continuum 
from ill-being to well-being, and that the absence of illness does not necessarily indicate 
flourishing (WHO, 1948).  Moreover, this review will focus on FVI as whole foods, as opposed to 
micronutrient supplementation, to reflect normal dietary intake and public health recommendations 




(Rooney et al., 2013; Ministry of Health (MOH), 2016).  For a review of micronutrients and mental 
health, I refer the reader to the seminal research by Bonnie Kaplan and Julia Rucklidge (e.g., 
Kaplan, et al. 2007; Rucklidge & Kaplan, 2013), as well as Rooney et al. (2013).   
My review includes studies with a range of nutritional assessments. One common 
nutritional assessment method used in observational and longitudinal studies is a food frequency 
questionnaire (FFQ), which measures the frequency, and sometimes quantity, of consumption of 
several food groups (e.g., FV, fish, confectionary, breads, etc.).  Data from FFQs provide 
information to determine both diet quality and adherence to specific dietary patterns.  Measures of 
diet quality provide a quantitative value that indicates adherence to an overall ‘healthy’ diet 
whereby a higher score indicates greater adherence to a number of healthy food choices (e.g., high 
FVI, moderate consumption of wholegrains, and low intake of red meat).  An example is the 
Healthy Eating Index 2010 (HEI-2010; Guenther et al., 2013), which is a measure of diet quality 
based on the 2010 Dietary Guidelines for Americans.  It provides a score based on the extent to 
which an individual reaches dietary guidelines on several important components including: whole 
grains, various types of FV, and specific fat sources.  These FFQs are also used to determine 
dietary patterns, whereby data are analysed to derive different dietary patterns that hang together 
(e.g., a Mediterranean dietary pattern consisting of greater fish, nut, fruits, vegetables; e.g., Hodge, 
Almeida, English, Giles, & Flicker, 2013).  There are several dietary patterns reported across the 
literature that are considered optimal, including the Mediterranean diet, Norwegian diet, Japanese 
diets, as well as generic ‘healthy’ diets, typically defined by a high intake of FV, fish, wholegrains, 
and a low intake of processed food (Rahe, Unrath, & Berger, 2014).  This healthy dietary pattern is 
reported using a variety of terms including: ‘health-conscious’, ‘traditional’, or ‘whole food diet’.  
There is an element of subjectivity around labelling these patterns and choosing the number of 
factors to retain in each.  Relatively fewer observational studies isolate the effects of FVI from the 
wider diet, and when FVI is investigated separately, it is mostly assessed using self-report of 
typical servings (often taken from larger FFQs).  The following review allocates more detail and 
focus for studies that isolate the effects of FVI separately from the wider diet.  
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1.1. Section One: Mental Ill-being 
The study of nutritional psychology has focused predominantly on negative aspects of 
mental health or “ill-being”, including depression, anxiety, stress, and general psychological 
distress.  This section will cover the observational (cross-sectional, correlational, and cohort) 
studies, longitudinal and prospective studies, and any experimental research that has tested the 
effect of FVI on alleviating ill-being.  Collectively, all studies are summarised in Table 1.1 (see 
Overall Summary section, p. 26), displaying the percentage of significant, mixed, and null results 
across the literature; providing comparison between studies focused on ill-being versus well-being; 
and separating whole-diet versus specific-FVI studies. In each section, I present the research testing 
diet quality and dietary patterns, followed by research testing FVI distinctly.  The observational, 
longitudinal, and experimental studies investigating mental ill-being are summarised in Appendix 1 
(Table 1, 2, and 3 respectively). 
1.1.1 Observational studies 
There have been a handful of systematic reviews that attempt to summarise observational 
evidence linking diet quality or dietary patterns to depression, most of which have concluded 
inconsistent associations (Lai et al., 2014; Li et al., 2017; Psaltopoulou et al., 2013; Quirk et al., 
2013; Rahe et al., 2014). However, there is a major issue when summating evidence across studies, 
which may influence the ability to make clear conclusions about the relationship between diet and 
depression.  The high level of heterogeneity in both nutrition and mental health assessment may 
attenuate potential associations between healthy diets and depression (Quirk et al., 2013; Rahe et 
al., 2014).  Quirk and colleagues (2013) reported that across 25 reviewed studies on diet and 
depression, meta-analyses were not possible given the complexity of measurement and the 
subsequent levels of measurement error. Across these 25 studies, dietary intake was assessed using 
validated and independently-developed FFQs, diet history questionnaires, 24-hour recall, as well as 
at least eight different validated dietary scores and indexes.  While the assessment of depression 
was less varied, several diagnostic and self-reported methods were used to assess symptomology. 
Furthermore, these systematic reviews also incorporated studies that have non-FV related dietary 




outcomes (e.g., ‘Western’ diets), as well as lifestyle interventions that include components such as 
exercise and stress management, in addition to dietary change. The multifaceted nature of lifestyle 
interventions makes it difficult to discern the independent effect of diet, let alone FVI, which is 
why the studies are reviewed individually in the present review, and those specifically looking at 
FVI are prioritised.   
Diet quality/dietary patterns and depression     
Healthier diet quality and healthier dietary patterns have been associated with lower 
depression and depressive symptomology using interview- or clinician-diagnosed measures. For 
example, using validated clinical interviews, a ‘traditional’ diet (including vegetables and fruit) was 
associated with a reduced odds of reaching criteria for depression (Jacka et al., 2010a) and bipolar 
disorder in a sample of Australian women (n = 1,046, aged 20 - 93 years) (Jacka et al., 2011a).  
Similarly, Beydoun and Wang (2010) found an association between diet quality and interview-
diagnosed depression among white female adults living in the United States (U.S.) (but not for 
men, African-Americans, or Mexican-Americans).  
Diets rich in FVI have also been associated with reduced depressive symptoms reported 
using validated self-report questionnaires such as the Centre for Epidemiological Studies 
Depression scale (CES-D; Radloff, 1977), which encompasses a wider range of sub-clinical 
depressive features.  For example, CES-D scores have shown to be inversely related to a ‘healthy 
Japanese’ diet in a sample of Japanese employees (Nanri et al., 2010), and, in a sample of socially 
disadvantaged New Zealand adolescents, eating a ‘healthy’ diet was inversely associated with 
depressive symptoms (indicated by emotional functioning as measured by the PedsQL subscale) 
(Kulkarni, Swinburn, & Utter, 2015).  Furthermore, diet quality (generally including greater FVI) 
has been inversely associated CES-D scores in 156 African American women in public housing 
(Klassen, Smith, Black, & Caulfield, 2009), 210 Latino women at risk for type 2 diabetes mellitus 
(T2DM) (Pagoto et al., 2009), 117 female breast cancer patients (Tangney, Young, Murtaugh, 
Cobleigh, & Oleske, 2002), and a general U.S. community sample of African American and white 
adults (Kuczmarski et al., 2010).  
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However, not all studies have found significant associations between diet and depression.  
While Jacka and colleagues (2010a; 2011a) found reduced odds of unipolar and bipolar depression 
for those adhering to a ‘traditional’ diet (rich in FV), a ‘modern’ diet – high in fruits and salads, 
plus fish, tofu, beans, nuts, yoghurt and red wine – was not associated with a depressive diagnosis 
and was actually associated with increased odds of bipolar diagnosis (OR = 1.72). Additionally, 
some studies have found differential associations by gender, whereby women grouped into the FV-
rich dietary patterns were less likely to be depressed, but no associations were observed in men 
(Jacka et al., 2011b; Samieri et al., 2008). Another mixed result was found, whereby depressive 
symptoms were significantly associated with fruit and raw vegetables, but not cooked vegetables, 
in a cohort of older men (Appleton et al., 2007).  Further, no relationship was found between CES-
D scores and adherence to a “healthy” diet in a Japanese sample of 791 adults (Sugawara et al., 
2012), adherence to a Mediterranean diet in Australian adults aged 40 to 65 years (Crichton, Bryan, 
Hodgson, & Murphy, 2013), or adherence to a Mediterranean diet in a sample of older adults aged 
65 to 100 years (Mamplekou et al., 2010).  
Fruit and vegetables and depression 
Fewer observational studies have tested the relationship between depression and FVI 
separately from other healthy food groups. Analysing the unique associations for FVI is important 
given that FV are invariably included in healthy diets and high diet quality scores, along with fish, 
healthy grains, and nuts. For example, Crichton et al. (2013) found no association between overall 
Mediterranean diet scores and psychological functioning as measured by the CES-D; however, 
when the Mediterranean dietary components were analysed separately, ‘plant food’ intake (fruit, 
vegetables, legumes) was inversely associated with depressive symptoms whereas fish, eggs, 
cereals, dairy, and poultry were not.  This highlights the importance of identifying and analysing 
singular food items, and FVI in particular, outside of whole diet. 
Research has shown a link between FVI and clinically-diagnosed and self-reported 
diagnosis for depression.  For example, McMartin, Jacka, and Coleman (2013a) found that in a 
Canadian sample (aged > 12 years), FVI was associated with a lower odds of reporting physician-




diagnosed mood disorders (McMartin et al., 2013a), as well as significantly lower odds of reporting 
a major depressive disorder in the last 12 months (OR = 0.72). While this pattern was also 
supported by Meyer et al. (2013) who found that vegetable consumption was associated with a 
lower odds of reporting a current physician-diagnosed mood disorder (although, they did not 
investigate fruit), a study by Mujcic (2014) found that self-reported diagnosis of mental disorder 
(depression/anxiety) was not associated with vegetable intake, and only weakly correlated with 
fruit. 
Intake of FV shows significant and sometimes gender-specific associations with reduced 
depressive symptoms using self-report questionnaires like the CES-D or Beck Depression 
Inventory (BDI; Beck & Steer, 1987).  For example, FVI was inversely related to scores on the 
CES-D in a sample of Finnish men and women (Konttinen et al., 2010), as well as two samples of 
middle- to older-age adults (Kronish, Carson, Davidson, Muntner, & Safford, 2012; Gopinath, 
Flood, Burlutsky, & Louie, 2016). Using a modified version of the BDI, higher depressive scores 
were associated with less frequent consumption of FVI in first-year university students, but only 
for females (Mikolajczyk, El Ansari, & Maxwell, 2009); whereas, another study using a similar 
undergraduate sample (n = 3,706) found that the consumption of salad/raw vegetables, fresh fruit, 
and cooked vegetables were all independently associated with depression scores on the BDI for 
both males and females (El Ansari, Adetunji, & Oskrochi, 2014).  
Other mental health outcomes 
The role of diet and FVI has also been implicated in other mental ill-being outcomes, such 
as anxiety, negative mood, stress and psychological distress; however, there are fewer studies that 
assess for these outcomes and the findings are not as strong as with depression. Although some 
studies find that FV-rich diets are associated with lower anxiety (Crichton et al., 2013; Jacka et al., 
2010a; Jacka et al., 2011b; McMartin et al., 2013a; Suzuki et al., 2013), other studies find 
differential associations by gender (i.e., finding associations for female adolescents only; McMartin 
et al., 2013b), and still others find no associations (Jacka et al., 2010a; Oellingrath, Svendsen, & 
Hestetun, 2014; Yannakoulia et al., 2008), suggesting that the role of FVI in anxiety is still 
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inconclusive. Studies have shown inverse associations between FVI and general negative mood 
similar to depressive and anxiety symptomology such as nervousness and feelings of being 
downhearted/low (Blanchflower, Oswald, and Stewart-Brown, 2013), as well as feelings of being 
afraid, nervous, upset, scared, and distressed using the Positive and Negative Affect Schedule 
(PANAS; Watson, Clark, & Tellgen, 1988) (Ford, Jaceldo-Siegl, Lee, Youngberg, & Tonstad, 
2013).  However, Warner and colleagues (2016) showed no association between FVI and general 
negative affect using the same measure - the PANAS - in 1,270 American university students.  
Outside of depression and anxiety, the most researched ill-being outcome is stress.  Low 
FVI shows associations with greater experiences of stress, generally assessed using Cohen’s 
Perceived Stress Scale (PSS; Cohen, Kamarck, & Mermelstein, 1994). Using this measure, 
perceived stress has been linked with lower intake of fresh fruit in Chinese college students (Liu et 
al., 2007), lower intakes of fresh fruits, raw and cooked vegetables in females, in addition to 
cooked vegetables in males (El Ansari, Suominen, & Berg-Beckhoff, 2015a), lower FVI in 
European women (Mikolajczyk et al., 2009), lower consumption of salad and raw vegetables (El 
Ansari et al., 2014), lower consumption of “plant foods” in Australian adults (Crichton et al., 
2013), and a reduced likelihood of reaching recommended intakes (5+ servings a day) in a sample 
of UK youth (Cartwright et al., 2003).  Moreover, using the stress subscale of the Depression 
Anxiety Stress Scales (DASS; Lovibond & Lovibond, 1995), Papier and colleagues (2015) found a 
dose-dependent relationship between FVI and stress, whereby higher intake of FV was associated 
with decreased likelihood of self-reported stress in men (OR = 0.50), and women (OR = 0.78).  
However, Pronk and colleagues (2011) found no association between whether people reached their 
recommended daily intake of FV and their self-reported stress (but FVI was associated with 
reduced depressive symptoms).   
In the literature, general mental health or distress is most commonly assessed using the 
Kessler Psychological Distress Scales (K-6 or K-10; Kessler et al., 2002), or the Short Form-36 
Health Inventory (SF-36; Ware & Sherbourne 1992).  Generally, findings suggest that FVI is 
inversely associated with general psychological distress using these measures (El Ansari, 
Suominen, & Berg-Beckhoff, 2015b; McGuire, Strine, Okoro, Ahluwalia, & Ford, 2007; McMartin 




et al., 2013a; Ruiz-Cabello et al., 2016;), although some mixed results have been reported (e.g., 
associations found for White and Hispanic participants, but not African American participants; 
Kiviniemi, Orom, & Giovino, 2011).  
Summary 
Observational evidence appears to link FV-rich diets and FVI specifically to reduced 
likelihood of depression, and to a lesser extent, anxiety, negative mood, stress and general distress 
across various age groups. Of the total 40 observational studies that were reviewed (including those 
that investigate the wider dietary patterns and diet quality), 20 (50%) found a significant 
association between FVI and the psychological outcome reported, 13 (33%) reported mixed results 
(most commonly gender differences), and seven (17%) reported null results. Studies that tested FVI 
independently from other dietary food groups showed similar and slightly stronger patterns of 
significance:  Of the 21 observational studies that investigated FVI independently from other 
dietary food groups, 12 (57%) found a significant association between FVI and the psychological 
outcome reported, seven (33%) reported mixed results, and two (10%) reported null results.  Again, 
the most common mixed result was gender differences and significant findings for some (but not 
all) mental ill-being outcomes within a study.  Additional mixed findings were due to significant 
associations for fruit but not vegetables (and vice versa), or raw vegetables (but not cooked).  
Overall, the evidence favours an observational relationship between greater FVI and reduced odds 
for diagnosable mood disorders particularly reduced self-reported depression, and sub-clinical 
problems such as stress and general mental distress.  Although some studies (Total n = 7; 17.5%) 
showed no associations between dietary FVI and mental health outcomes, in no study was greater 
FVI specifically associated with poorer mental health outcomes (although a ‘modern’ diet, high in 
fruits and salads, plus fish, tofu, beans, nuts, yoghurt and red wine, was associated with greater 
odds of bipolar disorder; Jacka et al. 2011a).  
This observational evidence carries an important caveat.  All the studies reviewed above 
provided correlational data, which provides a snapshot of the relationship between FVI and mental 
ill-being at a single time point.  Therefore, the evidence thus far only demonstrates a relationship 
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between FVI and reduced psychological ill-being, making it difficult to draw any conclusions about 
cause and effect.  Evaluated next are the longitudinal and prospective studies, investigating the 
relationship between diet and mental health outcomes over time, which will begin to establish the 
direction of this relationship.    
1.1.2 Longitudinal and prospective studies 
Diet quality and dietary patterns 
As with the observational studies, diets rich in FV, and higher quality diets have been 
inversely related to the risk of developing depression prospectively.  In many of the prospective 
and longitudinal studies, there is crossover between the terms: ‘dietary adherence’, ‘dietary 
quality’, and ‘dietary pattern’.  As such, there is less distinction between dietary quality and dietary 
patterns in the following section.  
When comparing the most extreme quintiles of diet adherence, Sánchez-Villegas and 
colleagues (2015) showed a reduced likelihood of developing clinician-diagnosed depression after 
8.5 years for those adhering to ‘Mediterranean’, ‘pro-vegetarian’, and ‘healthy’ diets.  These diets 
were all characterised by high levels of FVI and the authors suggested that suboptimal adherence to 
these healthy dietary patterns may be, in part, responsible for the increased risk of depression at 
follow-up (Sánchez-Villegas et al., 2015). Importantly, in this study, all participants (n = 15,093) 
were university graduates who were free from a depression diagnosis at intake. However, when the 
same criteria for depression were used in a sample of older American adults (50 - 77 years), 
adherence to a ‘prudent diet’ (rich in FV and wholegrain products) showed no protective effect 
against depression over 12 years (Chocano-Bedoya et al., 2013). The outcome measures for 
depression for both these studies were quite stringent (either a clinical diagnosis or use of an 
antidepressant drug) and therefore may not capture sub-clinical depressive symptomology or 
undiagnosed depression.   
Other prospective studies using continuous measures of depressive symptomology that 
capture sub-clinical and undiagnosed forms of depression, such as the CES-D, have found 
buffering effects of FVI when measured over time.  For example, scores on the CES-D were 




inversely associated with adherence to a Mediterranean style dietary pattern (but no other FV-rich 
diets) in a large sample of Australian women over three years (aged 18-75) (Rienks et al., 2013), a 
‘whole food’ diet in older adults living in the UK (Akbaraly et al., 2009), as well as a ‘traditional’ 
diet (characterised by fruit), and a ‘healthy’ diet (characterised by vegetables) in a sample of older 
women living in France (Le Port et al., 2012).  However, in the latter study, men only had a 
reduced likelihood of developing depression when adhering to the ‘healthy’ dietary pattern (Le Port 
et al., 2012). Importantly in these studies, baseline depressive symptoms were controlled for, and 
no associations were found between previously reported depression and diet at follow-up, 
suggesting that dietary patterns prospectively predicted changes in depression rather than vice 
versa. 
Diet has also been linked prospectively to general distress or mental health – again, tested 
predominantly using the K6 or K10, and the SF-36.  Adherence to a ‘meat and three vegetables’ or 
as the authors coined, an ‘Australian diet’ (including carrot, pumpkin, beetroot, green beans, 
cauliflower, peas and some fruit), was associated with lower psychological distress measured by 
the K10 at follow-up 13 years later (Hodge et al., 2013).  However, psychological distress was not 
measured at baseline and therefore they could not control for the presence of previous mental 
health status. Another study found dose-dependent improvements in diet (based on FVI) were 
related to improvements in the mental health subscale of the SF-36 across two years, but only 
reached significance for those with the largest lifestyle changes (Blank, Grimsley, Goyder, Ellis, & 
Peters, 2007).  Meanwhile, two other studies in this review showed no prospective relationships 
between diet and various indicators of mental health in young people over time (e.g., internalising 
and externalising behaviours: Jacka, Rothon, Taylor, Berk, & Stansfeld, 2013a; Trapp et al., 2016).   
There has also been prospective research in cohorts of older adults, whereby adhering to 
FV-rich diets has been shown to be protective against developing depressive symptoms in later life. 
For example, Jacka et al. (2014) found that a ‘prudent diet’ was associated with a lower odds of 
depression in older adults (aged 60+), whereas younger age cohorts showed no association. They 
suggested that cumulative effects of a poor diet contributes to depressive symptomology in later 
adult years, providing an explanation for the positive prospective link among the older adult 
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population in the absence of significant associations for younger cohorts in this study (Jacka et al., 
2014). While another study found a similar protective association between adherence to a 
Mediterranean diet and later depression for +65 year olds (Skarupski, Tangney, Li, Evans, & 
Morris, 2013), others have failed to show such effects (Pérez-Tasigchana et al., 2016).  
Fruit and vegetable intake  
There appears to be mixed evidence for the specific effect of FV (outside of total diet) on 
mental ill-being outcomes assessed prospectively.  Recently, Nguyen, Ding and Mihrshashi (2017) 
conducted cross-sectional and prospective analyses on a large sample of Australian adults (> 45 
years; n = 60,404). While cross-sectional associations were significant across all levels, prospective 
analyses showed that baseline FVI was associated with incidence of psychological distress at 
medium levels of FVI, but were no longer significant at the highest level of FVI, suggesting a 
potential threshold effect. Another study of 6,271 older women (M = 55.45 years old) found that 
the odds of developing depression over six years was significantly less in those women who ate 
more than 2 servings fruit per day compared to those who consumed fewer (OR = 0.82, Mihrshahi, 
Dobson, & Mishra, 2015); however, vegetable intake failed to prospectively predict the 
development of depression longitudinally.  In contrast, in older Taiwanese adults (> 65 years), only 
vegetable consumption was protective against depressive symptoms four years later after 
controlling for initial depressive symptoms and cognitive status (Tsai, Chang, & Chi, 2012).  These 
findings highlight the importance of testing the consumption of fruit and vegetables separately 
from each other, given potential differential effects.  
The prospective relationship between FVI and mental ill-being has also been tested in 
children and adolescents, although the literature remains inconsistent.  Jacka and colleagues 
(2011c) found that greater engagement with healthy dietary practices (including adequate FVI), 
predicted greater emotional functioning after two years (as indicated by the emotional subscale of 
the Pediatric Quality of Life Inventory (PedsQL); Varni, Seid, & Rode, 1999).  Moreover, mental 
health status did not predict dietary patterns at follow-up, further suggesting that diet is driving 
changes in mental health rather than the reverse. However, Takaoka and Kawakami (2013) found 




no significant associations between FVI at baseline and mental health status at follow up five years 
later in a Canadian sample of 250 adolescents (15 - 17 years).  
Summary 
The longitudinal and prospective literature provides more mixed evidence that FVI is 
related to changes in mental health outcomes over various periods of time.  As shown in Table 1.1 
on page 26, of the total 17 studies reviewed above (including those that investigate the wider 
dietary patterns and diet quality), with an average of 6 years follow up, six (35%) found a 
significant association between FVI and the psychological outcome reported, six (35%) reported 
mixed results (e.g., gender differences, trending associations), and five (30%) reported null results. 
Of the five studies that investigated FVI independently from other dietary food groups, one 
reported significant results (20%), three (60%) reported mixed results, and one reported null results 
(20%).  Largely these mixed results were due to significant predictive value of fruit intake (but not 
vegetable – or vice versa), as well as gender differences (significant effects for women, but not 
men), and age differences (significant effects for older, but not younger, adults).     
The longitudinal research also provided another important piece of evidence concerning the 
causal relationship between diet and mental health. When the cross-lagged prospective patterns 
were analysed, the data were more consistent with the interpretation that diet drives changes in 
mental health over time, rather than the reverse. However, many prospective studies investigated 
the role of overall diet and diet quality on mental health, meaning that few conclusions can be made 
about the role of FVI specifically. Moreover, well-designed experimental studies are required to 
establish cause and effect.  
1.1.3 Experimental studies 
Whole-diet and lifestyle interventions 
Most intervention studies consist of randomised controlled trials (RCTs) of lifestyle 
interventions (including dietary components) on physical health conditions, often including 
measures of mental health as secondary outcomes.  One systematic review synthesized results from 
14 
 
17 of these types of RCTs on depression across a range of sample populations including those with 
chronic physical disease (e.g., high blood pressure, Type II diabetes), obesity, and cancer (Opie, 
O’Neil, Itsiopoulos, & Jacka, 2015). Approximately half of the investigated studies (8 of 17; 47%) 
showed improvements in depression outcomes, and only two out of ten (20%) showed significant 
improvements for anxiety outcomes. However, many of these studies were ‘composite 
interventions’ incorporating greater FVI intake alongside other components outside of dietary 
change, such as stress management and exercise, making these difficult to isolate the effects of diet, 
let alone FVI.  
To date, a few experimental studies have investigated the effect of specific dietary changes 
on depression, which have produced significant, mixed and null results. The recently published 
RCT by Jacka and colleagues (2017; Supporting Modification of Lifestyle in Lower Emotional 
States or the “SMILES” trial), reports on the effect of a ‘Mediterranean diet’ intervention (n = 33) 
versus a social-support control condition (n = 34) in individuals with depression and ‘poor’ dietary 
quality (including inadequate FVI). At baseline and follow-up (12 weeks), participants were 
assessed for both depression and anxiety symptomology (using the Montgomery Asberg 
Depression Rating Scale (MADRS; Montgomery & Asberg, 1979) and the Hospital Anxiety and 
Depression Scale (HADS-D; Zigmond & Snaith, 198)). At 12 weeks, those in the dietary 
intervention condition showed a significantly greater improvement in both depressive and anxiety 
symptoms compared to control, with 32.3% of the intervention condition reaching remission 
criteria for depression (only 8% for control). However, total mood disturbance (measured using the 
Profile of Mood States (POMS); McNair, Lorr, & Droppelmen, 1971), showed no change, and 
there were no significant changes to well-being measures either (discussed in later section). Further 
analyses showed that the dietary intervention group had substantially lower scores for dietary 
quality at baseline; and, across the intervention, only servings of fruit significantly increased over 
time, whereas vegetables showed no change (Jacka et al., 2017).   
Earlier interventions have not shown as promising results. Sánchez-Villegas and colleagues 
(2013) found that in older adults with high risk of cardiovascular disease, there was a lower risk of 
developing depression for those assigned to a ‘Mediterranean Diet + nut’ supplementation 




compared to control, but only for participants with Type II diabetes mellitus (51% of the sample). 
Furthermore, a 12-week Mediterranean diet intervention aimed at improving cholesterol found no 
differences in a wide range of mental health outcomes at follow-up, including: depression (BDI), 
anxiety (POMS anxiety subscale), anger (State Trait Anger Expression Inventory (STAXI); 
Spielberger, 1999), perceived stress (PSS) or general mental health (General Heath Questionnaire; 
Goldberg, 1978) (Wardle et al., 2000). Further, three other reviewed RCTs that used lifestyle or 
whole-diet intervention approaches (most commonly with the aim of reducing blood pressure), 
failed to show any significant improvements in mental health, as indicated by scores the SF-36 
(Young et al., 2010; Steptoe, Perkins-Porras, Rink, Hilton, & Cappuccio, 2004; Pierce et al., 2007).  
Fruit and vegetable intake 
Even fewer experimental studies have manipulated FVI specifically rather than dietary or 
lifestyle interventions as a whole. Carr, Bozonet, Pullar, and Vissers (2013) conducted a 6-week 
intervention in 35 young men with low vitamin C, testing the effects of eating kiwifruit (two gold 
kiwifruit per day versus ½ gold kiwifruit per day) on improvements in mood (measured by the 
POMS).  Those in the two kiwifruit per day condition reported lower depressive mood, improved 
vigour, and lower total mood disturbance (TMD); the latter of which was mirrored by changes to 
blood vitamin C levels.  However, these improvements were only significant in the 13 men with the 
lowest baseline mood scores (analyses on the whole sample only found trends towards better 
mood), and no changes were observed in the other mood subscales such as anxiety, anger, tension, 
and fatigue (Carr et al., 2013).  Finally, vegetable consumption was not included.  Another study 
found a difference in self–reported anxiety (HADS-A), depression (HADS-D) and emotional 
distress (Profile of Fatigue Related Symptoms; Ray, Weir, Phillips, & Cullen, 1992) over a 10-day 
period after young adult participants (n = 100) were randomly assigned to snack on one piece of 
fruit each day (an apple, large clementine, or banana) compared to snacking on chocolate (Smith & 
Rogers, 2014).  However, vegetable consumption was not investigated. Finally, Plaisted et al. 
(1999) investigated two dietary interventions targeting both fruits and vegetables (a ‘fruits and 
vegetables diet’, and a ‘combination’ diet, rich in FV, as well as wholegrains, poultry, and nuts 
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etc.) in 83 adults from the United States. After eight weeks, those in the FV diet and combination 
diet conditions showed no significant improvements in the mental ill-being subscales of the SF-36 
over and above a typical ‘American’ diet which served as control.  
Summary 
It is difficult to make conclusions about the role of diet in mental ill-being from the current 
RCTs.  Interventions investigating whole-diets make it difficult to discern the role of FVI outside 
of other dietary components such as fish, fibre, and wholegrains.  Of the total nine experimental 
studies (including interventions of wider dietary patterns and lifestyle factors), two (22%) reported 
significant changes in mental ill-being compared to control, two (22%) reported mixed results (e.g., 
moderating variables, gender differences, trending associations), and five (56%) reported null 
results.  Of the three studies that investigated FVI independently from other dietary food groups, 
one found a significant association between FVI and the mental ill-being outcome reported (33%), 
one reported mixed results (significant results were only found in those with low baseline mood) 
(33%), and one reported null results (33%). However, of the three FVI-specific investigations, only 
one tested the effects of both fruit and vegetables and mental health was only measured as a 
secondary outcome measure. Overall, this suggests an unconvincing causal impact of diet on 
mental ill-being. While some of the reviewed RCTs are large and well designed, there is a paucity 
of experimental research that is able speak to the effect of fruit and vegetable consumption and its 
direct effect on aspects of mental ill-being.  
1.2. Section Two: Mental Well-being 
The evidence base for the role of diet in positive aspects of mental well-being is much 
smaller, but appears to be consistent, and distinct from the link between diet and mental ill-being.  
This section will cover the observational (cross-sectional, correlational, and cohort) studies, 
longitudinal and prospective studies, and any experimental studies that have contributed to this 
area. Collectively, all studies are summarised in Table 1.2 (see Overall Summary section, p. 26), 
displaying the percentage of significant, mixed, and null results across the literature, providing 
comparison between studies focused on ill-being versus wellbeing, as well as whole-diet versus 




specific-FVI studies.  As previously, I present the research testing diet quality and dietary patterns, 
followed by research testing FVI distinctly.  While some studies control for demographic and 
health covariates (e.g., socio-economic status), consumption of unhealthy foods, exercise, body 
mass index), there are generally inconsistencies in regard to the factors that are accounted for as 
potential confounds.  Even in studies that comprehensively account for potential covariates, most 
do not control for depressive symptoms or other indicators of ill-being which limits the inferences 
that can be made about whether there are unique links between FVI and well-being.  Rather than 
listing covariates for all studies, instances for which covariates have not been adequately controlled 
will be mentioned where appropriate. The following observational, longitudinal, and experimental 
studies investigating mental well-being are summarised in Appendix 1 (Table 4, 5, and 6 
respectively). 
1.2.1. Observational studies 
Most of the evidence for the link between FVI and positive well-being comes from 
observational research, largely focusing on the “hedonic” aspects of well-being including quality of 
life (QoL), happiness, life satisfaction, and positive affect.  Within a well-being framework, 
hedonic well-being reflects the attainment of pleasure and happiness (Kahneman, Diener, & 
Schwarz, 1999); whereas, “eudaimonic” well-being reflects the extent to which an individual feels 
personally fulfilled, and finds meaning and purpose in relationships and life (Ryan & Deci, 2001).  
Another type of well-being commonly studied is activated positive affect (measured by the 
PANAS, including items like enthusiastic, determined, and alert), which is closely related to 
‘vitality’ (subscale of SF-36) and ‘vigor’ (subscale of the POMS), which refer to the presence of 
general alertness and physical energy, and the absence of fatigue (Ware & Sherbourne 1992; 
McNair et al., 1971).  
Diet quality and dietary patterns 
Overall, healthy diets and diet quality have shown consistent associations with better self-
reported quality of life (QoL), and health-related quality of life (HR-QoL), which refers to the 
subjective evaluation of one’s health and well-being within a cultural environment (Costarelli, 
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Koretsi, & Georgitsogianni, 2013). In a sample of 13 to 16 year olds, adherence to a Mediterranean 
diet was associated with higher HR-QoL as assessed by the KIDSCREEN-27 (Ravens-Sieberer et 
al., 2007), which captured aspects of mental well-being including positive emotions, satisfaction 
with life, and feeling emotionally balanced (Costarelli et al., 2013); however, control variables 
were not reported in this study. General QoL scores have also been associated with adherence to a 
Mediterranean diet in a sample of 35 to 74 year olds in Spain (n = 8,195) controlling for a number 
of factors including: age, leisure time, physical activity, BMI, educational level, smoking, alcohol 
consumption, hypertension, diabetes, and menopause (Munõz, Fíto, Marrugat, Covas, & Schröder, 
2008).  For every +5 points on a Mediterranean diet score, men and women reported a +0.74 and 
+1.15 point increase, respectively, on the mental subscale of the SF-12 (which authors used to 
indicate quality of life) (Munõz et al., 2008).  It appears that dietary quality and adherence to 
‘healthy’ diet patterns such as the Mediterranean diet are associated with positive evaluations of 
health and well-being.  However, the difficulty with interpreting these studies is in knowing 
whether FVI contributes to well-being independently from other components included in the diet 
such as fish, wholegrains, or olive oil. 
Fruit and vegetable intake 
Studies measuring FVI independently from broader dietary patterns have shown links 
between both vegetable and fruit consumption and higher levels of positive well-being.  A 
cornerstone of hedonic well-being – subjective happiness – has been associated with FVI across 
various observational studies.  In a sample of young adults (aged 17 - 24) in Chile (n = 3,461), 
individuals who ate FV ‘daily’ or ‘almost daily’ had a greater likelihood of reporting high scores on 
the Subjective Happiness Scale (SHS Spanish version; Lyubomirsky & Lepper, 1999) compared to 
young adults with lower daily FVI (Piqueras, Kuhne, Vera-Villarroel, Van Straten, & Cuijpers, 
2009), although the control variables are unclear.  Approximately 55% of those who ate 
daily/almost daily FV were coded as ‘happy’ (75
th
 percentile or above on the SHS), compared to 
44% among those who consumed less FV.  Lesani and colleagues (2016) found a relationship 
between happiness as measured by the Oxford Happiness Questionnaire (OHQ; Hills & Argyle, 




2002) and fruit and vegetable consumption separately in 541 adults living in Iran.  They reported a 
dose-dependent relationship, in that the highest happiness scores were reported by those with the 
highest FVI (+8 servings), and these levels of happiness were significantly different from those 
who reported eating < 1 serving of fruit (p = .045), and vegetables (p = .020), although this effect 
was not particularly strong (Lesani et al., 2016).  Fararouei and colleagues (Fararouei, Brown, 
Toori, Haghighi, & Jafari, 2013) reported that female Iranian high school students who ate 3-4 
daily portions of fruit reported greater happiness scores compared to those who ate none.  The same 
result was found for daily portions of vegetables.  In this particular study (n = 8,159), a dose-
dependent relationship was not observed; in fact, those who reported eating > 4 portions of fruit or 
> 4 portions of vegetables reported lower happiness scores compared to those who reported eating 
3 to 4 daily servings of each (Fararouei et al., 2013). Kye and Park (2014) also reported that 
‘sufficient’ FVI was associated with greater happiness in a sample of South Korean volunteers (n = 
1,530; aged 30 - 69).  ‘Sufficient FV’, however, was assessed using a simple YES/NO response 
(with no indication of what constitutes ‘sufficient’ intake), and they split the sample into 
participants that identified as generally ‘happy’ or ‘unhappy’ – which may not provide a 
particularly valid measure of happiness.  
In addition to happiness, hedonic well-being includes components such as life satisfaction, 
which is also associated with FVI.  Lengyel, Tate, and Obirek-Blatz (2009) found that participants 
who consumed FV ‘daily’ were three times more likely to report better life satisfaction than those 
who reported eating FV only ‘rarely’, after controlling for general mental health (using mental 
subscale of SF-36).  Mujcic (2014) found that, in a study of 12,380 adults living in Australia, 
optimum well-being (including happiness, life satisfaction, and vitality) was reached around 4 - 5 
portions of fruit and 4 - 5 portions of vegetables per day, but that fruit has the most significant 
association with optimum well-being. In a study of approximately 80,000 people in the UK by 
Blanchflower and colleagues (2013), FVI showed positive associations with measures of self-
reported life satisfaction (“All things considered, how satisfied are you with your life as a whole 
nowadays?”), self-reported happiness (“How much of the time during the past 4 weeks have you 
been happy?”), and psychological well-being (using the Warwick Edinburgh Mental Well-being 
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Scale, WEMWBS; Tennant et al., 2007). They found that scores for happiness and psychological 
well-being peaked at 7 to 8 daily servings, with those eating > 8 servings of FV per day reporting a 
life satisfaction score approximately 0.27 points higher than those who ate almost no FV (scale 
from 0 to 10).  While +0.27 points seems small, it is comparable to other factors known to 
influence life satisfaction including being a non-smoker (0.20) and being married (0.36). While the 
authors account for a vast range of potential confounds (e.g., BMI, smoking, marital status, 
exercise, disability), they did not appear to control for measures of ill-being. 
Intake of FV has also been associated with greater positive affect and optimism.  For 
example, activated positive affect as measured by the PANAS (feelings of being inspired, alert, 
excited, enthusiastic and determined) were linked to greater FVI in a sample of 9255 North 
American church attendees (Ford et al., 2013). Similarly, Warner, Frye, Morrell, and Carey (2016) 
found a dose-dependent relationship for daily servings of FV and activated positive affect using the 
PANAS in a sample of 1,270 young adults (18 - 25 years) in the United States.  Interestingly, 
however, they found no association between FVI and life satisfaction.  Warner and colleagues 
(2016) noted that their assessment of life satisfaction had a different time frame compared to other 
studies that had shown positive associations between FVI and life satisfaction (e.g., Blanchflower 
et al., 2013; Lengyel et al., 2007) and suggested that this may be responsible for the lack of 
association. Boehm, Williams, Rimm, Ryff, and Kubzansky (2013) reported a cross-sectional 
correlation between total serum carotenoids (a prominent biomarker of FVI) and optimism in 982 
American adults, and that this relationship was partially explained by FVI, as well as physical 
activity.  Lastly, another study showed that increased FVI was associated with dispositional 
optimism in 887 elderly Dutch men in multiple cross-sectional analyses across 15 years, whereas 
fish and fatty acid consumption were not related to optimism (Giltay, Geleijnse, Zitman, Buijsse, & 
Kromhout, 2007).  This finding highlights the importance of investigating food groups separately 
from overall dietary pattern. Both high levels of FVI and fish consumption are considered 
cornerstones of a Mediterranean diet, yet analyses of their consumption as individual food groups 
can yield different associations with psychological outcomes. 




Two studies have linked FVI to changes in daily positive affect (PA) using daily diary 
designs.  Using web- and mobile-based diary technology, White, Horwath, and Conner (2013) 
found within-person relationships between daily consumption of FV and PA over time in young 
adults.  In this study, young adults (aged 18 - 25) reported higher PA on days when they ate more 
FV than their ‘typical’ intake.  Moreover, there were carry-over effects whereby FVI on one day 
predicted increased PA the following day, whereas the reverse pattern (PA predicting FVI the 
following day) was not found (White et al., 2013).  Interestingly, FV was not related to changes in 
negative affect (NA).  This was replicated by Chan, Yen, Fu, and Hwang (2015), who showed that 
Taiwanese adults (n =  130) were more likely to experience better mood on days where four or 
more servings of FV were consumed.  These diary studies show that when considering an 
individual’s own baseline as comparison, increases in consumption of FV predict increases in 
hedonic well-being at the daily level (Chan et al., 2015; White et al., 2013).  
Summary 
Observational research suggests that, for the most part, aspects of positive well-being 
including happiness, life satisfaction, and positive affect are associated with fruit and/or vegetable 
consumption.  Of the total 15 observational studies reviewed above (including those that 
investigate the wider dietary patterns and diet quality), 13 (87%) found a significant association 
between diet and the positive psychological outcome reported, two (13%) reported mixed results 
(e.g., gender differences, trending associations), and zero reported null results.  The mixed results 
were mainly due to significant results for fruit but not vegetables (or vice versa), as well as gender 
differences. Observational studies investigating well-being tend to assess FVI specifically rather 
than within larger diet quality or adherence measures.  Of the 12 observational studies that 
investigated FVI independently from other dietary food groups, 10 (83%) found a significant 
association between FVI and the positive psychological outcome reported, and two (17%) reported 
mixed results. Overall, these observational studies successfully associate greater FVI to increased 
odds for self-reported hedonic well-being; although, some improvements in design and control 
variables are required.  The paucity of studies that investigate eudaimonic well-being limits the 
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conclusions that can be made about these links until more research is undertaken. And, although 
there is also some indication of a dose-dependent relationship between higher levels of FVI and 
mental health, some studies do not support the “more is better” adage, suggesting that there is a 
point at which mental health gains plateau with additional FV servings.   
1.2.2. Prospective and longitudinal studies 
To date, two studies have investigated the relationship between dietary quality, dietary 
patterns, and mental well-being longitudinally; whereas, only one (to my knowledge) has 
specifically investigated FVI. This illustrates the paucity of literature investigating the longitudinal 
association between diet and mental well-being.  
Diet quality and dietary patterns 
Blank et al. (2007) found that improvements to diet quality (including greater FVI) were 
dose-dependently linked to improvements in self-reported mental health across two years in 10,419 
adults living in ‘deprived’ UK communities.  They found that high levels of dietary improvement 
over two years was most strongly related to changes in positive well-being items on the mental 
health subscale of the SF-36, including peacefulness and happiness (OR = 1.36 and 1.59 
respectively). Similarly, using the SF-36, Sánchez and colleagues (2012; the SUN project) found 
that the greatest mental health improvements were observed in the vitality subscale among 
individuals with the highest adherence to a Mediterranean diet. These participants also showed 
improved social and emotional functioning; whereas, the general mental health subscale (including 
depression, anxiety, emotional and behavioural control, and PA) was not associated with diet.  
Fruit and vegetable intake 
More recently, Mujcic and Oswald (2016) analysed 12,385 longitudinal food diaries from 
the Household, Income, and Labour Dynamics in Australia (HILDA) Survey between 2007 and 
2009. Their longitudinal analyses showed that increases in FVI over two years predicted significant 
gains in happiness and life satisfaction over 24 months (using the SF-36 and single item measures); 
and that an increase of 8 portions a day was associated with a +0.24-point increase in life 




satisfaction (scale from 0 to 10). The authors described these increases as comparable to the 
psychological gains of shifting from unemployment to employment.  Interestingly, these 
psychological improvements appeared in just two years – more quickly than would be expected for 
substantial changes in physical health such as cardiovascular disease. This finding may suggest that 
the psychological and physical benefits from diet may operate through different pathways (Mujcic 
& Oswald, 2016).  While Mujcic and Oswald (2016) showed these changes in well-being over 
time, controlling for baseline levels of well-being and a wide array of other variables (e.g., 
household income, age, education, employment status, health conditions, BMI, alcohol 
consumption, exercise), they did not report controlling for baseline levels of mental illness. 
Summary 
More longitudinal studies are needed to be able to make confident conclusions about the 
relationship between FVI on changes in positive well-being over time.  From the three studies 
published here, two (66%) showed increases in FV prospectively predicted gains in well-being 
outcomes and the other showed a mixed result (33%), whereby improvements were only seen in 
those with the greatest dietary improvements. Only one longitudinal study investigated FVI outside 
total diet, and they reported strong prospective associations between diet and positive well-being 
measures.  Interestingly, two of these studies reported stronger and more significant results for 
positive psychological outcomes compared to negative outcome variables, which tended to be 
weaker or non-significant.  This suggests that diet may have a distinct impact on positive aspects of 
mental health that may be stronger than the impacts on negative mental ill-being.  However, more 
research is needed that utilises specific measures of well-being (rather than relying of single-items 
within global measures such as the SF-36).   
1.2.3. Experimental studies 
Whole-diet and lifestyle intervention 
The experimental literature linking whole dietary interventions to mental well-being is 
rather limited, but three out of the five studies showed significant or mixed effects on certain 
aspects of mental well-being – notably vitality and vigour. First, a study by McMillan and 
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colleagues (McMillan, Owen, Kras, & Scholey, 2011) used measures that captured a range of mood 
dimensions – both positive (e.g., vigour) and negative (e.g., depression), but they only found 
significant improvements to positive states of mental well-being during a 10-day intervention.  In 
their study, a total of 12 females (mean age = 21.12) were assigned to a dietary change condition 
(including increased intake of fruits, vegetables, fatty fish, nuts and seeds, low fat natural dairy and 
wholegrain cereals) compared to a diet-as-usual control group with 13 females.  Those who 
adhered to a diet change showed improved vigour (as measured by the POMS subscale), as well as 
increased alertness and contentment (as measured by Bond-Lader Visual Analogue Scales; Bond & 
Lader, 1974), compared to those who maintained their usual diet.  Improvements in cognition were 
also seen.  Second, as described in the previous section, Young et al. (2010) found that increased 
daily FVI as a result of two lifestyle interventions (for blood pressure) was associated with 
improvements in one positive subscale of the SF-36 - vitality – and not general mental ill-being at 
six months. The same findings was seen in Crichton and colleagues (2013), who found that plant 
food consumption (fruits, vegetables, legumes) was associated with the vitality subscale, but not 
the general mental health subscale, when using the SF-36 (although, they found significant 
associations with ill-being using other measures).  
Two of the RCTs testing whole dietary interventions on mental well-being have shown null 
results. As previously mentioned in the ill-being section, the recent SMILES trial by Jacka and 
colleagues (2017) found no observed improvements for well-being, mood, or self-efficacy (indicted 
by World Health Organization wellbeing scale (WHO, 1998); the Profile of Mood States (POMS); 
and the Generalized Self-Efficacy Scale (GSES; Chen, Gully, & Eden, 2001), after 12 weeks of a 
Mediterranean diet intervention. This is one of the few studies in which results have been 
significant for ill-being measures (depression), in the absence of effects for well-being; however, 
this difference may be due to having recruited people with a pre-existing mood disorder.  Another 
null result was seen in a study by Torres and Nowson (2012) who showed no differences in vigour 
(or any POMS subscales other than anger) after a mixed-dietary 14-week intervention in a group of 
95 postmenopausal women (without a pre-existing mood disorder). 




Fruit and vegetable intake 
There is only one experiment relevant here. The six-week kiwifruit study by Carr and 
colleagues (2013) found significant increases in vigour (as measured by the POMS) after a two 
kiwifruit/day supplementation programme; but, only in the subgroup of men who had high total 
mood disturbance (TMD) at baseline. There was no change in the negative POMS subscales of 
anxiety, anger, tension, fatigue, and there was only a trend towards improvements in depressed 
mood.  
Summary 
Experimental research suggests that FVI could have a potentially causal impact on mental 
well-being but more research is needed.  Of the total five experimental studies reviewed above 
(including those that intervened using lifestyle and whole-diet interventions), two (40%) found 
significant associations between FVI and the positive psychological outcomes reported, one (20%) 
reported mixed results, and two (40%) reported null results. Only one experimental study 
investigated FVI independently from other dietary food groups and lifestyle factors, and they 
reported mixed results due to associations significant only in subgroups (Carr et al., 2013).  
Overall, these experimental studies provide some evidence that greater FVI is associated with 
improved vigour and vitality; however, vigour and vitality reflect only a small fraction of the 
elements that encompass psychological well-being. A few experimental studies have found effects 
of dietary intervention on aspects of positive mental well-being in the absence of associations with 
measures of mental ill-being (e.g., McMillan et al., 2011; Young et al., 2010), suggesting that 
perhaps FVI has a greater or more immediate impact on aspects of positive well-being; however, 
this is not always found (e.g., Jacka et al., 2017).  While there is currently insufficient evidence to 
draw these conclusions, future experimental research investigating the differential role of FVI on 
ill-being versus well-being is warranted.  
1.3. Section Three: Overall Summary 
While the number of studies that include mental-ill being outcomes (n = 66) is greater than 
those that include well-being outcomes (n = 23), there are enough studies to compare the two 
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categories of outcomes in a descriptive fashion.  As shown in Table 1.1, of the 66 studies that 
measured mental ill-being outcomes, 42% reported significant results, 32% reported mixed results, 
and 26% reported null results.  As shown in Table 1.2, of the 23 studies that measured mental well-
being outcomes, 74% reported significant results, 17% reported mixed results, and only 9% 
reported null results. The difference in null result rate between studies investigating mental illness 
versus mental well-being is stark - 26% versus 9%, respectively.  This could suggest that diet, and 
FVI specifically, could play a greater role in the promotion of positive psychological experience 
rather than buffering against mental ill-being. However, these conclusions cannot be made until 
there is more research to establish the link between FVI and well-being (as early published studies 
tend to be positive studies; Scargle, 1999) and more research that includes both negative and 
positive mental health measures in the same study to tease out their differential associations with 
FVI.   
Table 1.1 
Significant, Mixed, and Null Results for Mental Ill-being Outcomes for all Studies and FVI-specific 
Studies 
 All Studies (n = 66) FVI-specific Studies (n = 29) 
 Sig. Mixed Null  Sig. Mixed Null  
Combined 28 (42%) 21 (32%) 17 (26%) 14 (48%) 11 (38%) 4 (14%) 
Observational 20  13 7 12  7 2 
Prospective/ 
Longitudinal 
6 6 5 1 3 1 
Experimental 2 2 5 1 1 1 
Table 1.2  
Significant, Mixed, and Null Results for Mental Well-being Outcomes for all Studies and FVI-
specific Studies 
 All Studies (n = 23) FVI-specific Studies (n = 14) 
 Sig. Mixed Null  Sig. Mixed Null  
Combined 17 (74%) 4 (17%) 2 (9%) 11 (79%) 3 (21%) 0 (0%) 
Observational 13 2 0 10 2 0 
Prospective/ 
Longitudinal 
2 1 0 1 0 0 
Experimental 2 1 2 0 1 0 




1.4. Section Four: Methological gaps and justification for the present thesis 
Based on this review of the literature, I identified the following five gaps in the current 
evidence investigating the role of FVI on mental health outcomes. Each of these gaps justified the 
design of my research programme that follows.  
1.4.1. There is a promising role of FVI in relation to positive aspects of mental health, which 
requires further investigation.  
Not only is there a possible role for FVI in ameliorating several negative aspects of mental 
health (e.g., depression, stress), there may also be role of FVI in fostering positive mental well-
being (e.g., happiness, vitality).  Although the literature has focused predominantly on mental ill-
being, the role of FVI in promoting positive well-being seems strong, with very few studies 
reporting null results.  Studies that have investigated ill-being and well-being concurrently have 
often reported stronger associations between FVI and the outcomes related to positive well-being 
(Blank et al., 2007; McMillan et al., 2011; Warner et al., 2016).  However, psychological well-
being measures are often only secondary or tertiary outcomes, and the full breadth of well-being 
encompassing both hedonic and eudaimonic elements are rarely measured. Thus, there is a need for 
more research to investigate the relationship between FVI and a more extensive range of well-being 
measures – not only feelings of happiness or positive affect, but also eudaimonic well-being such 
as feelings of purpose, meaning, and fulfilment.   
1.4.2. Rather than observational studies, there is a need for more experimental studies with 
varying timeframes from brief to medium to longer-term interventions.  
The major current shortcoming in the literature is that, while there are a large number of 
observational studies, the experimental research is limited – especially in the realm of positive 
well-being.  As such, I cannot speak to whether the relationship between FVI and mental health is 
causal.  Most RCTs have specifically tested depression, and (at the time of this thesis) no study had 
experimentally investigated the role of FVI in relation to a broad range of psychological outcomes 
(both mental ill-being and positive factors relating to mental well-being) concurrently. Well-
designed experimental research needs to be conducted.  Furthermore, most of the RCTs adopt a 
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much longer timeframe – over the course of months or years – with relatively fewer studies 
investigating short or medium term dietary change over the course of days or weeks – to changes in 
mental health.  To make conclusions about the directionality of the relationship and the timeframe 
of effects, it is necessary to adopt experimental research designs of varying timeframes, assessing 
FVI independently from whole diet and testing a range of psychological measures.  
1.4.3. Observational and large population based studies need to clarify and strengthen the 
control variables.  
As mentioned in the review by Rooney and colleagues (2013), there are inconsistencies 
across studies in the confounding variables that are controlled for. Adjusting for potential 
confounders such as ethnicity and socioeconomic status is important especially in observational 
research. While most studies comprehensively control for demographic, diet, and health behaviours 
known to influence mental health, some studies do not report their covariates and this remains 
problematic. Future observational studies should ensure comprehensive adjustments are made for 
demographic variables (e.g., gender, SES, ethnicity), other dietary variables (e.g., unhealthy food 
consumption), and health behaviours known to influence mental health (e.g., physical activity, 
smoking, sleep).  Given the potential for a strong and distinct relationship between FVI and 
positive aspects of mental well-being, it is important that these studies control for measures of ill-
being (i.e., depression) to investigate whether these associations reflect unique links.  While some 
studies have controlled for this (e.g., Blank et al., 2007; Lengyel et al., 2009), most have not, 
meaning that the relationship between diet and well-being could be reflecting an absence of 
negative symptomology (i.e. low depression), rather than a unique presence of positive well-being.  
1.4.4. In terms of dietary assessment, future research needs to assess fruit consumption and 
vegetable consumption separately, and independently of diet quality or whole dietary 
pattern.  
A limitation of the current research is that, although FVI is invariably included within 
healthy dietary patterns and high scores on diet quality indices, without assessing FVI specifically 
it is difficult to make conclusions about their effect on mental health outside of other dietary 




components.  There are other components of diet that could be contributing to these effects (e.g., 
lower consumption of processed foods).  The nutritional makeup of various food groups differs 
greatly, and it is therefore reasonable to assume they have different physiological and 
psychological effects on the body and the brain.  While dietary patterns are still necessary to 
investigate, it is important to recognise the independent effects of specific groups of food too – in 
this case, FVI.  This highlights the need for (a) prioritisation of research designs that investigate 
FVI independent from whole diet, and (b) adjustment for other dietary behaviours in studies testing 
FV (e.g., unhealthy food intake). 
Moreover, when testing FVI, it is potentially important to measure fruit and vegetables 
separately.  While many studies appeared to measure FVI as one single construct, those who 
measured them as separate items sometimes reported independent associations with mental health 
for fruit versus vegetable consumption, or stronger effects for one over the other.  For example, 
some studies found the effects on mental health appeared to be stronger for fruit consumption, 
rather than vegetables (e.g., Mihrshashi et al., 2015; Mujcic et al., 2014), whereas other studies 
found associations for vegetables, but not fruit (e.g., Tsai et al., 2012; Ruiz-Cabello et al., 2016).  
This finding suggests that the impact of various plant-based foods on mental well-being may differ.   
1.4.5. Mechanism – very little research has investigated the possible mechanistic pathways 
linking FVI to changes in psychological outcomes.  
While the literature suggests that FVI plays a role in mental health, the mechanistic 
pathways remain relatively unexplored.  The most prominent theory is that the micronutrients that 
are provided by FVI directly influence bodily systems associated with mood and well-being. Most 
studies thus far have only speculated the potential mechanisms for this relationship, including: the 
involvement of micronutrient content on neurotransmission systems, antioxidants in regards to 
oxidative stress and inflammation, and essential fatty acids and their protective role in cognition 
(Byers & Perry, 1992; Irshad & Chaudguri, 2002; Raison & Miller, 2011). However, a few studies 
have investigated the potential mediating role of micronutrients such as carotenoids (Boehm et al., 
2013) and vitamin C (Carr et al., 2013), with promising results. More research is needed to 
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investigate the possible biological changes underlying the link between mental health and FVI. 
Understanding the mechanistic pathways has important scientific and policy implications. This 
would not only improve the understanding of this relationship, but open up opportunity to 
incorporate nutritional psychology strategies to improve mental health in the wider community. 
1.4.6. Conclusion 
The current review supports what has already been showcased in the literature; that there is 
some evidence to suggest that healthy diets, and FVI more specifically, can buffer against the 
detrimental effects of mental ill-being.  What this review adds is the promising evidence for the 
role of FVI in promoting positive aspects of mental well-being; although, more research is needed 
to solidify these findings. Additionally, this narrative review sheds light on the current gaps that 
preclude researchers from confidently concluding these relationships, including issues with control 
and assessment methods, the restricted types of mental health outcome measures, and most 
importantly, the paucity of experimental research that would further the understanding of causality. 
These limitations provided the underlying rationale for my thesis. The next chapter outlines the 
three major experimental studies that comprise this thesis, and how they collectively address some 
of the methodological issues highlighted by this review.  
  












CHAPTER 2: The Present Thesis 
This thesis consists of a series of three main empirical studies - a daily-diary observational study, a 
randomised controlled trial (RCT), and a final large-scale, cross-sectional survey study.  These 
studies were designed to bridge the major gaps that existed in the literature at the time, by 
addressing some of the limitations outlined in the previous section.  
Study 1 (Chapter 3) was a daily diary observational study designed to expand on the 
current understanding of the way in which fruit and vegetable intake (FVI) influences mental 
health. To further explore the role of FVI in positive aspects of mental well-being, a range of 
hedonic and eudaimonic well-being measures were incorporated alongside a measure of mental ill-
being. The unique design feature of this study was that FVI and mental health outcomes were 
tracked on a daily basis over time for two weeks, which improved upon previous survey designs 
more commonly presented in the literature. As such, this study offset some of the limitations 
outlined in the previous section, including (1) furthering the understanding of the role of FVI in 
positive  mental well-being, and (2) improving the accuracy of nutrition and mental health 
assessment within an observational framework.  
Study 2 (Chapter 6) was a 14-day randomised controlled trial (RCT) designed to 
investigate the effect of increasing FVI on changes in mental health (ill-being and well-being) in a 
sample of low-FV-consuming young adults. This RCT consisted of three conditions:  
1. A diet-as-usual control condition in which participants were asked to maintain their 
regular food consumption for two weeks;  
2. An Ecological Momentary Intervention condition (EMI), in which participants were 
sent twice daily text messages to  help them increase their FVI to at least 5 combined 
daily servings;  
3. Or a fruit and vegetable condition (FVI), in which participants were given a bag of two 
weeks’ worth of fruit and vegetables and were asked to consume at least two additional 
servings (one fruit and one vegetable) on top of their regular daily FVI.  
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Similar to Study 1, this intervention utilised a ‘tracking’ methodology, whereby 
participants completed daily measures of nutrition and mental health outcomes using smartphone-
accessed daily diaries. The process of development and the results from this intervention are 
presented in four parts. Chapter 4 presents preliminary qualitative research that utilised focus 
groups to inform the development of the EMI text messages for the target population – young 
adults at the University of Otago. Chapter 5 outlines the theoretical underpinnings that optimised 
this text-messaging EMI. Chapter 6: Part 1 outlines whether there was an increase in daily fruit and 
vegetable intake in the two intervention conditions versus control. Finally, Chapter 6: Part 2 reports 
whether this increase in daily fruit and vegetable intake across intervention conditions was 
associated with improved mental health outcomes across two weeks, including changes in 
depression and anxiety symptomology, as well as various indicators of well-being. In order to 
ensure this thesis contributed to the understanding of potential mechanistic pathways, fasting blood 
samples were taken pre- and post-intervention and assessed for two prominent biomarkers – 
vitamin C and carotenoids – to test whether changes in these nutrients might underlie any changes 
to mental health. In this sense, this study offset additional limitations in the literature, including: (1) 
assessing whether the relationship between FVI and mental health is causal, and (2) what 
mechanisms may account for these relationships.  
Study 3 (Chapter 7) was a capstone cross-sectional observational study that was designed 
to address some of the questions raised by the previous studies. Some research (e.g., Appleton et 
al., 2007; El Ansari et al., 2014; Mikolajczyk et al., 2009), as well as patterns found in my own 
intervention study (Chapter 6), suggest that the relationship between FVI and mental health could 
also be impacted by the method of consumption; that is, whether FV are consumed raw, cooked, 
from cans, or in processed forms.  Given the primary mechanistic hypothesis that micronutrients 
are responsible for the relationship between FVI and mental health, it is logical to suggest that the 
nutrient profiles of FV may be impacted by heat degradation and processing (e.g., cooking and 
canning), and may therefore be less impactful on health. As such, I conducted a follow-up cross-
sectional study which investigated the differential association between raw versus 




cooked/canned/processed FVI and various measures of mental ill-being and well-being 
(depression, anxiety, negative affect, positive affect, vitality, flourishing, curiosity, and creativity), 
and included an extensive number of covariates including gender, age, ethnicity, socioeconomic 
status (SES), unhealthy foods, sleep, exercise, medication use, health conditions, and food 
allergies. The design of this capstone study meant that it was tightly controlled (addressing further 
limitations in the literature), and provided additional information about the nuanced relationship 
between FVI and mental health.  
2.1. Additional considerations of this thesis 
2.1.1. Population of interest 
As fruit and vegetable intake varies by age (Billson et al., 1999; University of Otago and 
Ministry of Health, 2011), this thesis focused on a single age group of young adults aged 18 to 25.  
Young adults typically have the lowest fruit and vegetable consumption of all age groups 
(University of Otago and Ministry of Health, 2011; Thompson, Margetts, Speller, & McVey, 1999). 
Furthermore, they are at the highest risk for micronutrient deficiencies (Huskisson, Maggini, & 
Ruf, 2007), and they are at particularly high risk for mental health disorders (Johnston et al., 2014). 
Collectively, these characteristics suggest that they are a population that requires both further 
assessment and intervention.   
2.1.2. Methodological perspective 
Of particular note is the methodological perspective taken in this thesis.  I have utilised 
web-based daily diaries and smartphone tracking in order to both assess and intervene in our target 
population – known as Ecological Momentary Assessment (EMA; Shiffman, Stone, & Hufford, 
2008) and Ecological Momentary Intervention (EMI; Heron & Smyth, 2010).  This choice of 
methodology reflects the desire to minimise memory-based reporting and maximise sensitivity to 
detect possible group differences in mood and well-being changes over time (Conner & Barrett, 
2012; Polak, Richardson, Flett, Brookie, & Conner, 2015). One of the inherent limitations in 
traditional mental health and dietary assessment is that subjective experiences and food 
consumption patterns are dynamic and can change frequently over a brief period of time.  
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However, many measures ask questions regarding “typical” mood, experiences “over the past 
week”, or “typical” FV consumption (Polak et al., 2015), which requires individuals to summate 
instances of daily behaviour over a long period of time. This means that there is often an over-
reliance on heuristics to inform estimates. By utilising daily-tracking approaches, participants 
record their daily mental health and nutrition closer to real-time, using their smartphones.  In 
addition to a more accurate assessment (Conner & Barrett, 2012), this methodological approach 
provides rich information about the ways in which food and experiences of mental health can co-
vary within an individual on a day-to-day basis.  In regards to intervention, the use of EMI 
strategies allows the delivery of health messages during times and contexts relevant to the 
behaviour of interest (Free et al., 2013) and during known periods of risk (Heron & Smyth, 2010). 
Applied to the present thesis, I adopted an EMI approach in my intervention study (Study 2) by 
sending people text-message reminders twice daily for two weeks to encourage them to meet their 
goal of increasing their FVI.  Furthermore, the ownership of mobile phones within the target 
population is almost ubiquitous and the use of text-messaging is now an integral part of 
communication in youth culture (Gold, Rauscher, & Zhu, 2015; Smith, 2015).  As such, from a 
public health perspective, EMIs have the potential to be disseminated with great ease and cost-
effectiveness as they capitalise on a delivery method that most people already use in their day-to-
day lives. Incorporating an EMI condition into my intervention allowed me to contribute to the 
conversation about the future of intervention delivery, and whether smartphone technology 
provides a feasible option for increasing FVI within this population.  
2.2. Overall Aims 
Collectively the aims of the current thesis were to: 
1. Develop a better understanding of the relationship between FVI and a range of mental 
health outcomes – especially in relation to the positive aspects of mental well-being.  
2. Investigate whether the relationship between FVI and mental health is causal in nature.  
3. Investigate potential mechanistic pathways of the relationship between FVI and mental 
health.  














CHAPTER 3: A Correlational Study
2
 
The relationship between fruit and vegetable consumption and  
hedonic and eudaimonic well-being 
As outlined in the literature review, there appears to be a particularly strong relationship between 
FVI and positive measures of mental well-being, suggesting that FVI extends beyond the buffering 
effects against mental ill-being.  However, studies investigating this link have largely investigated 
the hedonic elements of well-being – whether people are happy and satisfied with their lives (Chan 
et al., 2015; Fararouei et al., 2013; Ford et al., 2013; Lengyel et al., 2009; Lesani et al., 2016; 
Mujcic et al., 2014; Mujcic & Oswald, 2016; Piqueras et al., 2009; Warner et al., 2016; White et 
al., 2013).  Yet, happiness and life satisfaction do not capture the full breadth of mental well-being 
(Ryan & Deci, 2001).  The current chapter outlines a correlational study that explored whether the 
benefits of FVI extends to eudaimonic well-being in a sample of young adults.  
3.1. Hedonic versus eudaimonic well-being 
Kahneman and colleagues (1999) concluded that a hedonistic view of well-being considers 
“what makes experiences and life pleasant and unpleasant” (p. ix).  Hedonic well-being is often 
equated to ‘subjective well-being’ or ‘happiness’, and tends to comprise of life satisfaction, the 
presence of positive affect, as well as the absence of negative affect (Ryan & Deci, 2001).  By 
comparison, eudaimonia is concerned with activities related to personal growth and fulfilment, 
achieved only when an individual is engaged in their daily life and living according to their values 
(Ryan & Deci, 2001).  Ryff and Keyes (1995) suggest that eudaimonia comprises six aspects, 
including: autonomy, life purpose, mastery, personal growth, self-acceptance, and positive 
relatedness.  However, other models of eudaimonia  suggest a more unidimensional structure that 
taps a person’s degree of “flourishing” (Diener et al., 2009).  In this sense, flourishing extends 
beyond simple positivity, and encompasses social integration, coherence and growth, a sense of self 
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that is accepted, being engaged and interested in life’s activities, feeling accomplished and socially 
valued, and engaging in behaviours that garner meaning and purpose, which all tend to cohere 
together (Diener et al., 2009). 
There are also eudaimonic types of behaviours.  These behaviours encompass pivotal 
aspects of a eudaimonic experience such as personal growth and purpose, and can promote a sense 
of mastery through their completion (Kashdan & Steger, 2007; Steger, Kashdan, & Oishi, 2008; 
Wright & Pascoe, 2015)  For example, key eudaimonic behaviours include curiosity - seeking out 
novel skills, learning new things, and becoming actively absorbed in experiences that cultivate self-
determination and purpose (Kashdan, 2009; Kashdan & Steger, 2007; Silvia, 2008), as well as 
creativity – expressing oneself through artistic or musical avenues and an ability to originate novel 
and worthy ideas (Hennessey, & Amabile, 2010).  These behaviours can foster flourishing by 
creating opportunities that are challenging (personal growth), that allow the expression of ideas and 
opinions (autonomy), and provide a sense of direction or meaning (purpose in life).  In this sense, 
flourishing reflects a state of eudaimonic well-being, whereas curiosity and creativity can be 
operationalised as engagement in behaviours that are driven by eudaimonia or likely to cultivate a 
sense of eudaimonia. 
Given that FVI has been linked to hedonic well-being, and hedonic and eudaimonic well-
being share similar (though not identical) pathways (Keyes et al. 2002; Ryff & Singer, 1998), it 
was hypothesised that FVI could also be associated with markers of these higher eudaimonic states 
of well-being as well as eudaimonic behaviours, such as creativity and curiosity.  Preliminary 
evidence for this relationship is provided by some studies reporting positive relationships between 
FVI and measures of optimism (Boehm et al., 2013; Giltay et al., 2007), reports of vigour and 
vitality that overlap with eudaimonia (Ryan & Deci, 2001), as well as measures that include aspects 
of both hedonic and eudaimonic well-being (e.g., Warwick-Edinburgh Mental Well-being Scale 
(WEMWBS) in Blanchflower et al., 2013). However, optimism, vigour, and vitality are not 
isomorphic with eudaimonic well-being and the WEMWBS contains both hedonic and eudaimonic 




items; as such, it is not currently known whether there is a unique association between FVI and 
eudaimonic well-being.  
3.2. Plausible biological mechanisms 
There are biologically plausible reasons for predicting that FVI would be related to 
eudaimonic well-being. As previously mentioned, FVI provides the body with a high proportion of 
essential micronutrients that play important roles in optimal functioning of bodily systems (Kaplan 
et al., 2007). Neurotransmission systems operate using a myriad of ‘co-factors’ which are important 
to the production, synthesis, and metabolism of neurotransmitters that are involved in mood (for 
review see Kaplan et al., 2007). Some of the same neurotransmission systems that are implicated in 
mental ill-being are also involved in well-being (e.g., serotonin: Chopra, 2014); although, some 
neurotransmitter systems appear to have stronger connections to well-being (e.g., dopamine). 
Dopamine is a neurotransmitter that, amongst other things, underlies motivation and attention, and 
may promote eudaimonic engagement “by adding attraction or zest to life” (Kringelbach & 
Berridge, 2009 pp. 479).  Vitamin C serves as an important co-factor for the production of 
dopamine (Girbe, Ramassamy, Piton, & Costentin, 1994), and, along with B-vitamins and 
carbohydrate consumption, each has been shown to promote dopaminergic synthesis (Wurtman et 
al., 2003).  Increased dopaminergic synthesis has been associated with increased positive emotion, 
goal directed behaviour, energy, incentive motivation, and exploration (Blunt, 2010; Peterson, 
2011), and the dopaminergic system has been implicated in the neurochemistry of the ‘creative 
profile’ (Blunt, 2010).  Micronutrients also contribute to the functioning of neurotransmitters such 
as adrenalin and noradrenaline (e.g., vitamin C and B vitamins; Huskisson et al., 2007), which have 
been implicated in social connectedness and capacity for nurturing friendships, as well as feelings 
of successfully managing one’s life and personal surroundings (Ryff et al., 2004).  Furthermore, 
antioxidants provided by FVI, such as vitamin E, C, and carotenoids (e.g., beta-carotene, 
lycopene), are known to reduce bodily inflammation (McMartin et al., 2013a). While lower 
inflammation has been reported to protect against depression (Berk et al., 2013), it has also been 
linked to higher levels of eudaimonic well-being (Friedman, Hayney, Love, Singer, & Ryff, 2007), 
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and more specifically to particular substrates of the eudaimonic experience, such as social 
connectedness (Uchino, 2006). Alternatively, the vitamins and minerals in FV could stimulate 
eudaimonic behaviours indirectly through increased energy and vitality. Kaplan et al. (2007) 
postulate that mental ill-being could be the product of errors in neurotransmission systems, 
whereby they are not functioning optimally, either due to insufficient micronutrients or 
abnormalities in metabolism which means an individual requires higher levels of micronutrients to 
function at optimal levels (Kaplan et al., 2007). It could be that a diet rich in FV could promote this 
‘optimal’ functioning and promote states of hedonic, and potentially, eudaimonic well-being.  
3.3. The current study 
The current study tested whether FVI is related to both hedonic and eudaimonic well-being 
in 405 young adults.  There were two unique design features to this study.  Firstly, the study 
included a number of well-being measures. Eudaimonic well-being was measured using a 
flourishing scale, a curiosity scale, and a self-reported measure of creativity; and hedonic well-
being was measured using a positive affect scale. Comparatively, ill-being was indicated by a 
negative-affect scale. Secondly, these measures were obtained in ‘near to real-time’ by asking 
people to report on their well-being and ill-being each evening for a two-week period, along with 
their daily intake of fruit and vegetables. This design feature allowed for the computation of 
between- and within-person associations between FVI and mental health.  The between-person 
associations tested for cross-sectional relationships between FVI and the range of mental health 
outcomes. Whereas, the within-person associations tested whether each individual’s mental health 
changed on days characterised by low versus high FVI; in other words, whether mental health co-
varied as a function of FVI, using an individual’s own baseline for comparison. 
3.4. Method 
3.4.1. Participants 
A convenience sample of 405 young adults (66.7% female), 18 to 25 years old (M = 19.85, 
SD = 1.62) were recruited. Participants identified as European/Pākehā (81.3%), Asian (9.9%), 
Māori or Pacific Islander (4.2%), or other (4.6%).  All participants were students at the University 




of Otago, New Zealand who were taking part in the Daily Life Study, a large interdisciplinary 
study of the health and emotional experiences of young adults (approved by University of Otago 
Human Ethics Committee, #10/177). Participants were recruited through three avenues: (1) through 
the University of Otago Psychology Department’s experimental participation programme (n = 242, 
60%), (2) through flyers/word of mouth (n = 123, 30%), or (3) from Human Nutrition classes (n = 
40, 10%).  Those recruited from the experimental participation programme were reimbursed with 
partial course credit for completing a worksheet exercise about their participation. All other 
participants were reimbursed with cash payment (up to $45). An additional 13 participants were 
excluded from analysis (six participants dropped out; seven participants completed fewer than 7 
diary records). Participants excluded from analysis did not differ from included participants on any 
of the key study variables.    
3.4.2. Procedure 
In an initial laboratory session, participants completed informed consent (see Appendix 2 
for information sheet and consent form) and several computerised measures including demographic 
measures of age, gender, ethnicity, and socio-economic status (SES). Next, they received training 
for the daily diary procedure that began the following day. For 13 days, participants completed an 
online daily diary between 3:00pm and 8:00pm that included self-report measures of food 
consumption and psychological measures. These items were embedded within a much larger 
survey that took approximately 10 minutes to complete. After the 13 days, participants completed a 
follow-up laboratory session, which included measures of vitamin supplement usage over the past 
two weeks.  
3.4.3. Measures 
A full list of measures (presented in order) is provided in Appendix 3.  
Demographic and covariate measures 
The initial laboratory session included a number of demographic measures including age, 
gender (male, female), and ethnicity using New Zealand census categories (Māori, NZ 
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European/Pākehā, Pacific Islander, Asian, Indian, African-Caribbean, other European, and other). 
If ‘other’ was chosen, participants were able to elaborate using a free-text entry. Childhood SES 
was measured using four items: ‘My family usually had enough money for things when I was 
growing up’; ‘I grew up in a relatively wealthy neighbourhood’; ‘I felt relatively wealthy compared 
to the other kids in my high school’. Participants responded to each item on a Likert scale from 1 
(Strongly disagree) to 7 (Strongly agree).  The fourth item asked: ‘What was your household 
income growing up?”. Participants indicated their response by choosing the income bracket from 
eight options that best represented their household income ranging from ‘$15,000 or less’ to 
‘$150,000 or more’. Items from the childhood SES measure were averaged to produce a total score 
(α = 0.85). In the follow-up survey, participants also indicated their vitamin supplement usage over 
the course of the study using a YES/NO response to the question: “In the last two weeks have you 
taken any multivitamin and/or mineral supplement?”.  
Food consumption measures 
The daily diary included four food consumption questions modified from standard 
questions in the New Zealand Adult Nutrition Survey 2008/2009 (ANS08/09; University of Otago 
and Ministry of Health, 2011). Fruit and vegetable consumption was measured separately, and 
assessments of two measures of unhealthy foods (sweets and chips) were included for comparison. 
Participants were asked to report the number of daily servings of: fruit (fresh, frozen, canned, or 
stewed; not including fruit juice and dried fruit); vegetables (fresh, frozen, or canned; not including 
juice or chips); and two unhealthy foods for comparison purposes: “hot chips” (potato fries, 
wedges, or kumara chips usually from take-away outlets) and sweets (“lollies”, chocolate, or other 
confectionary items).  Examples were provided of what constituted one serving size as specified in 
the ANS08/09 (ANS08/09; University of Otago and Ministry of Health, 2011). Participants were 
asked to record how many servings of each food group they had consumed “today” (none, <1 
serving, 1 serving, 2 servings, 3 servings, 4 or more servings).  Servings were recoded as 0, 0.5, 1, 
2, 3, and 4 respectively for analysis.  





Daily flourishing was measured with a daily adaptation of the Flourishing Scale, an eight 
item measure that assesses feelings of engagement, purpose, and meaning in life (DFS: Diener et 
al., 2010).  Items include “I am engaged and interested in my daily activities” and “I lead a 
purposeful and meaningful life.”  These items were adapted for a daily format by phrasing the 
statement in past tense and adding the word “Today” (e.g. “Today, I was engaged and interested in 
my daily activities.”).  Participants responded to each item on a Likert scale from 1 (Strongly 
disagree) to 7 (Strongly agree).  Responses were averaged across items each day for a measure of 
daily flourishing (α = 0.86; multilevel item reliabilities based on Nezlek, 2012). 
Curiosity 
Daily curiosity was measured by the Curiosity and Exploration Inventory, a seven item 
measure that assesses the positive emotional-motivational system (CEI: Kashdan, Rose, & 
Fincham, 2004).  Items included “I look for new things or experiences” and “I actively seek out as 
much information as I can in new situations”.  The items were adapted for a daily format by 
changing to past tense and adding “Today”.  Participants responded to each item on a Likert scale 
from 1 (Strongly disagree) to 7 (Strongly agree), which were averaged across items each day for a 
measure of daily curiosity (α = 0.70).  
Creativity 
Daily creativity was measured with a single item that we developed: “Overall, how 
creative were you today? - Creativity includes coming up with novel or original ideas; expressing 
oneself in an original and useful way; or spending time doing artistic activities (art, music, 
painting, writing, etc.).”  This question was based on common definitions of creativity (Hennessey 
& Amabile, 2010; Silvia et al., 2014). Participants responded on a Likert scale from 1 (None) to 5 
(A great deal).  
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Positive and negative affect (hedonic well-being; ill-being) 
Affect was measured through nine items assessing positive affect (PA) (calm, content, 
relaxed, happy, cheerful, pleasant, energetic, enthusiastic, and excited) and nine items assessing 
negative affect (NA) (sad, dejected, depressed, nervous, anxious tense, angry, irritable, and 
hostile).  These items captured low, medium, and high intensity positive and negative states based 
on the circumplex model of emotion (Barrett & Russell, 1999).  Participants rated each adjective on 
how they “felt today” on a scale of 1 (Not at all) to 5 (Extremely).  Responses were averaged across 
items each day for a measure of daily PA and daily NA (PA α = 0.83; NA α = 0.70). 
3.4.4. Data preparation 
In preparation for analyses, gender was dummy coded using male gender as the reference 
group (male coded as 0, female coded as 1). Given the high proportion of participants identifying 
as European/Pākehā, ethnicity was grouped into ‘European’ and ‘non-European’ (dummy coded 0 
and 1 respectively).  
For inclusion in the between-person analyses, each participant’s daily consumption of fruit 
and vegetables was averaged across their total number of completed diaries for a measure of 
average daily fruit intake and average daily vegetable intake (in servings). These two estimates 
were summed to create a combined variable of average daily FVI. This computation was also done 
for confectionary/lollies and hot chips separately, and for the psychological variables to be used in 
the between-person analyses.  
For inclusion in the within-person analyses, a ‘weekend’ variable was created to include as 
a covariate because diet and well-being are different from weekdays to weekends (e.g., well-being 
increases on weekends, especially in Westernised populations with a culturally normative 2-day 
weekend (Halliwell & Wang, 2014; Ryan, Bernstein, & Brown, 2010); nutrition quality decreases 
on weekends (An, 2016; Jahns et al., 2017). The ‘weekend’ variable was coded 0 for Mondays – 
Fridays, and 1 for Saturdays and Sunday, based on the recommendations by Liu and West (2015).  




3.4.5. Statistical analyses 
As per my recommendations from the literature review (Chapter 1), fruit intake, vegetable 
intake, and combined FVI were all analysed separately in the following between-person and 
within-person analyses. Fruit and vegetables have shown differential effects on mental health 
outcomes in some previous research, suggesting that their individual contribution should be 
investigated. 
Between-person (cross-sectional) relationships between the food variables and the 
psychological variables were tested using bivariate correlation coefficients in SPSS to investigate 
whether average FVI was associated with average levels of well-being. Firstly these analyses were 
run unadjusted for any covariates. Secondly, these analyses were conducted controlling for a 
number of variables, including demographics (age, gender, ethnicity, SES, recruitment status) and 
other health behaviours (intake of unhealthy foods, vitamin supplement usage). Thirdly, analyses of 
relationships with eudaimonic well-being measures were conducted controlling for hedonic 
variables (both NA and PA) to investigate whether fruit and vegetable intake hold unique 
associations with these higher order states of well-being and behaviours. Lastly, curvilinear 
relationships between FVI and well-being were investigated. As outlined in Chapter 1, some 
researchers have reported plateau patterns, whereby FVI predicts mental health up to a point, then 
plateaus or drops off (e.g., Mujcic et al., 2014; Nguyen et al., 2017). However, other researchers 
report linear relationships, whereby additional FV servings provide continual improvements in 
well-being (e.g., Blank et al., 2007; Warner et al., 2016).  As such, analyses were conducted to 
assess for potential curvilinear relationships and whether well-being ‘peaks’ at a certain number of 
daily servings, or whether these relationships are more linear and reflect ‘dose-dependent’ patterns.   
Within-person relationships between daily food and psychological variables were tested 
using the Hierarchical Linear Modelling program (HLM v.6.08; Raudenbush, Bryk, & Congdon, 
2009).  HLM was used to analyse the within-person relationships by determining whether day-to-
day changes in food consumption predicted changes in psychological outcomes, using each 
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participant’s average daily FVI as their own baseline. The following equation was used for each 
participant for each outcome, as follows: 
Level 1:  Well-being Measure = B0 + B1 x Food Measure + r 
Level 2:  B0 = G00 + u0 
  B1 = G10 + u1  
The level-1 model illustrates the within-person changes in well-being as a function of 
changes in daily food consumption, with B1 indicating the within-person slope of these changes.  
The level-1 food consumption predictor was group-centered to model changes around each 
person’s typical food consumption.  In the level-2 model, G10 is the average of the within person 
slopes, with a significant G10 indicating that changes in daily food consumption predict 
corresponding changes in daily well-being. Separate within-person models were run for 
flourishing, curiosity, creativity, PA, and NA (as outcomes) across the five food categories of FVI, 
fruit, vegetables, sweets, and chips (as predictors).  
Subsequent analyses tested these within-person analyses controlling for several covariate 
measures. Firstly, to the original model, PA and NA were added (as Level-1 predictors) to test for 
unique associations between fruit and vegetable intake and eudaimonic well-being (above what was 
predicted by hedonic well-being). Additional models tested for effects of weekday versus weekend, 
as well as a range of potential covariates (age, gender, ethnicity, SES, recruitment status, vitamin 
supplement usage). These were included into the original models to ensure that the within-person 
patterns remained the same when controlling for these potential covariates and to test whether these 
characteristics moderated the within-person patterns. 
3.5. Results 
3.5.1. Descriptive statistics  
Table 3.1 shows the descriptive statistics for the psychological and food variables. 
Participants reported 1.2 average daily servings of fruit (range 0 - 4 servings), and 1.3 servings of 
vegetables (range 0 - 3.5 servings).  Unhealthy foods were consumed at a much lower level, with 




0.6 average daily servings of sweets and 0.3 servings of chips. Participants recruited from nutrition 
courses reported more daily servings of FV (1.6 and 1.8 servings respectively), and fewer servings 
of chips (0.1 per day), but similar daily servings of sweets (0.6 per day) compared to those 
recruited from Psychology or through flyers.  There was a mean response rate of 91% 
(approximately 12/13 diaries; M = 11.8; SD = 1.5; range = 7 to 13).  The intra-class correlation 
coefficients (ICC) were all below 0.5 indicating that, for the daily variables, there was a greater 
level of within-person variability (i.e., people differing around their own mean over time) 
compared to between-person variability (i.e., people differing in their means).    
Table 3.1  
Descriptive Statistics for the Aggregated Daily Food and Well-being Measures 
Note. FVI = Fruit and vegetable intake combined, PA = positive affect, NA = negative affect, ICC 
= Intra-class correlation coefficient from HLM indicates the proportion of variance due to between-
person differences (1 – ICC = proportion of variance due to within-person differences). Numbers 
reflect the aggregated daily reports. Nutrition variables are expressed in servings per day.  
Table 3.2 shows the correlations among the food and psychological variables. As expected, 
people who ate more servings of fruit tended to eat more servings of vegetables, and people who 
ate more servings of sweets tended to eat more servings of chips suggesting patterns of eating that 
were generally ‘healthy’ or ‘unhealthy’.  Also as expected, measures of eudaimonic well-being 
correlated with hedonic well-being (positively with PA and negatively with NA).  Interestingly, 
Daily Variables  Min Max M SD ICC 
FVI  0.00 7.50 2.43 0.50 0.49 
Fruit  0.00 4.00 1.16 0.76 0.46 
Vegetables  0.00 3.50 1.27 0.75 0.36 
Sweets  0.00 2.83 0.63 0.49 0.27 
Chips  0.00 2.54 0.27 0.33 0.25 
       
Flourishing  1.33 6.85 4.70 0.83 0.49 
Curiosity  1.52 6.03 3.69 0.76 0.42 
Creativity  1.71 4.93 3.51 0.57 0.42 
PA  1.24 4.20 3.01 0.50 0.44 
NA  1.00 3.25 1.68 0.48 0.48 
50 
 
curiosity and creativity were associated with eudaimonia and PA equally, suggesting they are 
tapping both eudaimonic and hedonic aspects of well-being.   
Table 3.2  
Bivariate Correlations among the Daily Food and Well-being Measures 
 Fruit  Vegetables Sweets Chips 
FVI 0.868*** 0.865*** 0.156** 0.091 
Fruit 1 0.502** 0.115* 0.054 
Vegetables  1 0.155* 0.105* 
Sweets   1 0.183*** 
Chips    1 
  Curiosity  Creativity PA NA 
Flourishing 0.487*** 0.274** 0.717*** -0.431** 
Curiosity 1 0.509*** 0.427***  0.051 
Creativity  1 0.371***  0.084 
PA   1 -0.316*** 
NA    1 
Note. FVI = Fruit and vegetable intake combined; PA = positive affect; NA = negative affect. 
Coefficients are Pearson r correlation coefficients with N = 405.  * p <.05; ** p <.01; *** p <.001. 
 
3.5.2. Between-person associations  
Between-person (cross-sectional) relationships between the food measures and the well-
being measures unadjusted for any covariates are shown in Table 3.3. As predicted, individuals 
who ate more FV reported higher average eudaimonic well-being, as measured by flourishing, 
curiosity, and creativity, and higher hedonic well-being as measured by PA, compared to people 
who ate fewer FV.  The association between FVI and NA was not significant, suggesting that FVI 
was uniquely related to well-being and not ill-being in this sample. These patterns were nearly 
identical when testing fruit and vegetables separately.  
The patterns for the unhealthy foods were very different from the patterns for FVI. People 
who ate more servings of chips reported less eudaimonic well-being and more NA, but they also 
reported more curiosity and creativity.  Consumption of sweets was not significantly related to 
well-being.   




Table 3.3   
Between-Person Associations between Average Food Consumption and Average Well-Being, 
unadjusted for Covariates 
  Flourishing Curiosity Creativity PA NA 
FVI  0.222*** 0.196*** 0.187*** 0.165*** 0.006 
Fruit  0.185*** 0.166** 0.107* 0.176*** 0.009 
Vegetables  0.200*** 0.158** 0.134** 0.109* 0.002 
Sweets  -0.007 0.037  0.041 -0.052 0.063 
Chips  -0.113* 0.136** 0.233*** -0.028  0.134** 
Note. FVI = Fruit and vegetable intake combined; PA = positive affect; NA = negative affect. *p < 
0.05; ** p < 0.01; *** p < 0.001.  
 
Additional between-person analyses 
Three additional analyses were run. First, the between-person analyses shown in Table 3.3 
were repeated controlling for a number of potential confounds, including demographics (age, 
gender, ethnicity, SES, recruitment population), and health behaviours (unhealthy food intake, 
vitamin supplement usage). These adjusted analyses showed that the relationships between the food 
variables and the psychological variables were unchanged by the inclusion of both demographic 
factors and other health behaviours. This suggests that the relationships between food and 
psychological outcomes were not explained the inclusion of potentially confounding factors.  
Second, in order to assess for unique associations between FVI and eudaimonic well-being 
(above and beyond what was predicted by hedonic well-being), the between-person correlations in 
the first three columns of Table 3.3 were repeated controlling for PA (NA was not controlled for 
because it was not significantly associated with FVI). These results are shown in Table 3.4. After 
controlling for PA, the correlations between combined FVI and the psychological variables 
remained significant, although the correlation between FVI and creativity was reduced to a trend. 
After controlling for PA, the correlation between fruit intake and curiosity remained significant, 
and the correlation between fruit intake and flourishing was reduced to a trend. However, fruit 
intake and creativity were no longer associated. By contrast, when controlling for PA, the 
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correlations between vegetable intake and flourishing, curiosity, and creativity all remained 
statistically significant. Thus, at the between-person level, vegetable intake – and to a lesser extent, 
fruit intake – was uniquely and consistently associated with eudaimonic states when holding PA 
constant. 
Table 3.4  
Between-Person Associations between Average Food Consumption and Average Eudaimonic Well-
Being, controlling for Positive Affect (PA) 
  Flourishing Curiosity Creativity 





Vegetables  0.174** 0.123* 0.100* 
Sweets  0.043 0.066  0.065 
Chips  -0.133** 0.164** 0.262*** 
Note. FVI = Fruit and vegetable intake combined; PA = positive affect 
†
 p < .10; *p < .05; ** p < .01; *** p < .001.  
 
 
Lastly, additional analyses were conducted to test for non-linear relationships between 
daily food and psychological variables. The findings showed no evidence of curvilinear 
relationships, except for one variable - combined FVI and positive affect (B = -0.027; SE = 0.011; p 
< .01), whereby the increasing improvement in PA appears to drop off after approximately five 
combined servings of FV.  In fact, this relationship (shown in Figure 3.1), suggests that positive 
affect actually starts to decline after this point and those eating a total of six combined FV servings 
have the same level of PA as those consuming two daily servings. However, there were too few 
people consuming more than 5 servings per day to be certain of this downward trend.  This 
relationship was not significant when testing fruit and vegetable consumption separately. This 
suggests that, for the most part, all relationships between food intake and psychological outcomes 
were strictly linear. 





Figure 3.1. The linear and curvilinear relationship between daily positive affect (PA) and daily fruit 
and vegetable intake (FVI) 
 
3.5.3. Within-person associations 
Table 3.4 shows the within-person associations between daily food variables and changes 
in psychological variables from the multilevel modelling (unadjusted for covariates). The first 
coefficient of 0.066 means that on days when participants ate one more serving of FV than they 
normally do, there was a corresponding +.066 point increase in flourishing that day. As predicted, 
increases in daily fruit and vegetable consumption (both separate and combined) were associated 
with significant increases in flourishing, curiosity, creativity, and PA suggesting significant within-
person associations with both hedonic and eudaimonic well-being. Consumption of vegetables, but 
not fruit, was associated with lower NA. Unhealthy foods were not associated with changes in 










positive changes in curiosity (+0.040) and PA (+0.029). Unlike the between-person correlations, 
consumption of chips was not associated with any within-person changes in well-being.  
Table 3.5   
Within-Person Associations between Daily Food Consumption and Daily Well-being 
  Flourishing Curiosity Creativity PA NA 










       










       










       










       











Note.  FVI = fruit and vegetable intake; PA = positive affect; NA = negative affect. Coefficients 
reflect final estimation of fixed effects computed (with robust standard errors) and with 404 
degrees of freedom from multilevel modeling.  Food variables were entered separately to predict 
each well-being outcome variable. * p < .05; ** p < .01; *** p < .001.   
 
Additional within-person analyses 
First, as with the between-person analyses, additional analyses were run in order to isolate 
the association between food consumption and eudaimonic well-being, controlling for hedonic 
well-being. The HLM models predicting the eudaimonic well-being measures were repeated 
controlling for PA and NA entered simultaneously as group-centred level-1 covariates. The 
following equation was used (using flourishing and FVI as an example): 
Level 1:  Flourishing = B0 + B1 x FVI + B2 x PA + B3 x NA +  r 
Level 2:  B0 = G00 + u0 
  B1 = G10 + u1  
  B2 = G20 + u2 




B2 = G30 + u3 
In this equation, the level-1 model illustrates the within-person changes in flourishing as a 
function of FVI that day, controlling for PA and NA. In the level-2 model, G10 represents the 
average within-person slope for daily FVI controlling for PA and NA. These analyses were 
repeated with curiosity and creativity as the outcome measures, and fruit and vegetable intake as 
separate predictors. Table 3.6 presents the results of these additional models. Eight out of the nine 
associations between the food variables and eudaimonic well-being measures were still significant 
when controlling for PA and NA. This pattern suggests that there were unique within-person 
associations between fruit and vegetable intake and eudaimonic well-being that were not accounted 
for by hedonic well-being. The one exception was that the weakest finding in the unadjusted model 
- vegetable intake and creativity - was no longer significant after controlling for PA and NA. 
Table 3.6   
Within-Person Associations between Daily Food Consumption and Daily Eudaimonic Well-being 
controlling for Positive Affect (PA) and Negative Affect (NA) 
  Flourishing Curiosity Creativity 






     






     






Note.  FVI = fruit and vegetable intake. Coefficients reflect final estimation of fixed effects 
computed (with robust standard errors) and with 404 degrees of freedom from multilevel 
modelling. * p < .05; ** p < .01; *** p < .001.   
 
Second, hierarchical linear models were run to control for possible weekday-versus-
weekend effects to rule out potential interference of differential psychological and nutrition 
patterns that occur during the weekend. To the original models reported in Table 3.5, a “weekend” 
variable was added as a level-1 predictor (uncentered, coded 0 for Mondays – Fridays and 1 for 
Saturdays and Sundays). The results of this analysis showed no change to the coefficients reported 
in Table 3.5 when adding this control variable. 
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Lastly, hierarchical linear models were run to control for a range of covariates to ensure 
that the within-person patterns remained the same when controlling for these characteristics and to 
test whether any factors moderated the within-person patterns. To the original models reported in 
Table 3.5, the following predictors were added to both level-2 equations: gender (dummy coded 0 
= men; 1 = women), age (grand mean centered), ethnicity (dummy coded 0 = European; 1 = all 
other ethnicities), SES (grand mean centered), recruitment population (dummy coded 0,1,0 and 
0,0,1 for people recruited from Psychology, Flyers, and nutrition classes, respectively) and vitamin 
supplement usage (dummy coded 0 = not taking any supplements; 1 = taking supplements).  The 
results from these models showed that the patterns of within-person associations mostly remained 
the same after controlling for all potential covariates. The relationship with flourishing remained 
the strongest across combined FVI, fruit intake and vegetable intake, whereas creativity was the 
weakest and only remained significant for combined FVI.  The relationship between FVI and 
creativity was moderated by ethnicity, whereby those identifying as European showed stronger 
relationships between food intake and daily creativity. Age also appeared to affect the relationship 
between FVI and curiosity, whereby older participants (still within the young adult age bracket), 
had stronger relationships between FVI and daily curiosity. Gender appeared to moderate the 
relationship between fruit and PA, but no other relationships. Analysis of simple slopes suggested 
than men had a stronger relationship between fruit intake and PA (B(SE) = .115(.027), p = .001), 
compared to women (B(SE) =.036(.017), p = .040). Finally, participants who reported taking 
vitamin supplements over the course of the study showed no relationship between vegetable intake 
and PA, whereas those who did not take supplements showed a stronger relationship between these 
variables.  
3.6. Discussion 
Eating FV was associated with emotional and behavioural measures of eudaimonia, 
supporting the hypothesis that FVI is associated with more than hedonic well-being.  These 
relationships were found both between- and within-people, and for the most part, were not 
explained by of the occurrence of higher PA or lower NA, or the presence of potential confounds. 




Although these findings remain correlational, the within-person design suggests that well-being 
fluctuated as a function of FVI within the same person over time. This relationship occurred 
regardless of whether an individual’s average well-being was generally high or low.  That is, even 
those who experience generally low mood still reported an increase in hedonic and eudaimonic 
well-being on days where additional servings of FV are consumed.  
These findings replicate and extend previous research in important ways. The within-
person pattern showing that FVI was tied more strongly to PA than NA, replicates the findings 
from the two previous daily diary studies of Chan and colleagues (2015) and White and colleagues 
(2013). This asymmetry of FVI predicting PA but not NA also fits with the emerging pattern of the 
literature outlined in Chapter 1.  More importantly, results from this correlational study suggest that 
FVI may have broader connections to mental health functioning in daily life – including aspects of 
positive mental well-being such as eudaimonia.  And, the findings suggest unique links to 
eudaimonia that are not accounted for simply feeling good (or bad).  After controlling for PA, the 
findings from between-subjects analyses illustrate positive associations between vegetables and 
eudaimonic well-being (and fruit, to a lesser extent), and within-subjects results highlighted the 
role of both fruit and vegetables in the relationship with eudaimonic well-being.  This difference in 
the between and within-person patterns may reflect temporal differences in either: (a) the 
metabolism of foods or, (b) the absorption rates of the differently available nutrients.  The day-to-
day data captured by the HLM analyses may provide a more sensitive measure of the way in which 
FVI can impact mood; although, directionality will need to be confirmed in subsequent intervention 
research.   
The only gender difference was that fruit consumption was associated with increased PA 
among men but not women at the within-person level– a result that was also found in a previous 
study of young adults (White et al., 2013).  However, as highlighted by the literature review in 
Chapter 1, there are currently no clear patterns of gender differences in the cross-sectional research 
linking FVI to other measures of mental health.  In fact, some studies reporting gender differences 
report the opposite to the current finding – that improvements in psychological measures were seen 
in women but not men (El Ansari et al., 2015a; Mikolajczyk et al., 2009) albeit at the between-
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person level.  While a full investigation of gender differences in the FVI-well-being link is beyond 
the scope of the current study, it could be that young men and women metabolise fruit differently.  
For example, fruit consumption has been associated with lower levels of inflammation in men but 
not women (C-reactive protein; Oliveira, Rodríguez-Artalejo, & Lopes, 2009), suggesting 
potentially nuanced effects of different foods on the body and the brain for men versus women.  
3.6.1. Limitations 
The biggest limitation of this study is the correlational design which limits inferences about 
the causal effect of FVI on well-being. Although the within-person analyses provided insight into 
the fact that FVI and well-being were related on a day-to-day basis, it cannot tell us whether the 
food was driving changes in well-being. So, although this study provides additional and pertinent 
information about the extent to which FVI is related to mental well-being, it does not address the 
major gap in the literature – the issue of causality.  
Another limitation is that the daily diaries were completed between 3:00pm and 8:00pm 
meaning that any food eaten past this time was excluded from analyses.  There may have been an 
unrepresentative reflection of daily intake, especially the ratio of fruit: vegetables, given that a 
large proportion of peoples’ daily servings of vegetables are consumed in the evening.  Thus, future 
studies should adopt a much wider window to complete daily diaries in order to capture a full day 
of eating or include retrospective assessments of the previous night’s consumption.   
3.6.2. Conclusion 
What this study adds to the research is that psychological benefits of FVI extend far 
beyond simply ‘feeling good’, into aspects of well-being characterised by meaning, purpose, and 
engagement, curiosity, and creativity.  Given the within-subject associations, there is support for 
the idea that day-to-day changes in FVI may translate to changes in both hedonic and eudaimonic 
well-being.  This study serves as the rationale for the development of a randomised controlled trial 
(RCT) which aims to investigate whether the relationship between FVI and mental well-being is 
casual, as well as potential underlying mechanisms of this relationship. The next chapter outlines 




how the use of qualitative research in the target population was used to inform the development of 









CHAPTER 4: A Qualitative Study 
The barriers to eating fruit and vegetables in young adults: Focus groups 
The previous chapters have outlined the potential psychological benefits of fruit and vegetable 
intake (FVI), especially in the realm of positive mental well-being.  There was a growing call for 
well-designed experimental research to test the causality of this relationship.  As such, a three-
armed randomised controlled trial (RCT) was designed to address this gap.  The three conditions 
were: a diet-as-usual control condition; an ecological momentary intervention (EMI) condition 
which utilised mobile phone technology to deliver health messages directly to participants; and a 
FVI condition (in which participants were given two weeks’ worth of FV).  As outlined previously, 
the use of ecologically valid interventions provide potentially cost-effective and efficient ways to 
intervene that could provide an alternative to subsiding, or simply providing people with FV, which 
is much costlier.  Further, including multiple intervention conditions allows me to comment on how 
best to achieve the increases in FVI required to attain these mental health improvements.  
The current chapter outlines the use of qualitative focus groups to hone in on the 
population of interest.  It was considered that, by understanding the barriers and challenges to 
eating more FV, I could create message content that is relevant and relatable to the sample 
population of young adults.  Overall, my goal was to understand why young adults might fail to eat 
more FV, and to use this qualitative information to develop effective EMI messages that would 
successfully increase FVI in this population.   
4.1. Rationale for qualitative focus groups in the development of EMI text messages 
To develop effective health interventions, researchers need to identify the target audience 
and to collect evidence to understand psychological and environmental influences on their 
behaviour (U.S Department of Health and Human Services, 2002).  This understanding enables 
researchers to design message content that is both relevant and engaging to the population of 
interest. Furthermore, Epton and colleagues (2014) outline that the most important determinant of 
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successful health message development is that the messages are both meaningful and understood 
by the people receiving them, and have some sort of formative and theoretical basis.  
To increase the likelihood that the text-messaging EMI would evoke behavioural change, I 
utilised (a) qualitative focus groups to decide what beliefs about FV to target, and (b) health 
behavioural change theory to determine how best to target these beliefs (the latter is discussed in 
Chapter 5).  Although I drew upon previous focus group research on FVI for other populations 
(e.g., children, adolescents, and older adults, in addition to young adults), this thesis was guided by 
the recognition that factors contributing to FVI in one group (e.g., older adults or children) may not 
necessarily influence another group (young adults) in the same way.  Thus, it was important to 
understand the factors that drive FVI in young adults, and this sample population (young adults at 
the University of Otago), specifically.  
4.2. Determinants of FVI 
Determinants of FVI can be broken down into two main groups: static and dynamic 
factors.  ‘Static’ factors are those that remain relatively stable over time and tend to be 
demographic factors.  Factors such as gender and socio-economic status (SES) (University of 
Otago and Ministry of Health, 2011), marital status (Brummet, Siegler, Day, & Costa, 2008), age 
(Smith, Gray, Mainvil, Fleming, & Parnell, 2015; University of Otago and Ministry of Health, 
2011), and personality (Conner et al., 2017; Tiainen et al., 2013), have all shown to predict FVI in 
the general population. While these determinants are useful in terms of understanding how FVI 
differs across groups, they may not necessarily provide accessible targets for a short-term 
intervention. These static factors help identify which populations require intervention, but do not 
provide much insight into how behavioural change can occur within these groups.  
The factors that are more likely to inform interventions are dynamic factors, as they are 
more subjective and evolving over time. These include the perceptions and belief systems people 
hold regarding their personal FVI (or lack thereof).  If we can understand the perceived barriers to 
achieving adequate daily FVI, then health messages can be tailored to offset these barriers.  Insight 
into the belief systems surrounding FVI may be gained through focus group research; a type of data 




collection which is ideal for gaining an understanding of the ideas, opinions, and thoughts of a 
particular group of people (Krueger & Casey, 2000).  Focus groups have been used before to 
investigate attitudes about FVI, but predominantly in children and adult populations.  The 
following section outlines how qualitative research methods such as focus groups have been 
utilized to further understand the factors that influence FVI in various populations.    
4.3. Qualitative research informing FVI 
4.3.1. Qualitative research in children, adults, and older adults 
Qualitative research regarding FVI has been conducted frequently in child populations. 
According to a large review of these qualitative studies (Krølner et al., 2011), the factors associated 
with FVI in children reflect a lack of autonomy and control over food choices. For example, the 
purchase and preparation of FV was seen as an adult task and the duty of parents to facilitate 
consumption for children (Krølner et al., 2011).  Additionally, health consequences were not of 
major concern to children and adolescents; whereas more immediate factors of taste and 
satisfaction appeared to be the most important in determining FVI (Krølner et al., 2011).  Children 
reported the consumption of FV often came at the cost of eating more desirable, unhealthy options 
which were seen as more enjoyable, satiating, and convenient.  In all, it appears that that children 
and adolescence are yet to develop a sense of autonomy in food choice.  Rather, they are primarily 
driven by immediately salient factors such as taste and texture, as opposed to long term health 
concerns which require important executive function skills, such as self-control and delay of 
gratification (Riggs, Spruijt-Mtz, Sakuma, Chou, & Pentz, 2010).  
Mirroring studies of children and adolescents, findings in adults suggest that FVI is often 
driven by responsibility and obligation to the care of children. Rolnick et al. (2009) reported that 
the two primary motivators for their sample of 137 adults (aged 21 to 65 years) were health 
concerns (personal and family), as well as serving as role models for children and family.  
Furthermore, in Treiman and colleagues’ (1996) study of 32 women (93% of which were mothers), 
the promotors were almost exclusively related to being good role models for children. Another 
study by Brug, Debie, van Assema, and Weijts (1995) reported the perceptions of FVI in a Dutch 
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sample of 29 adults (average age = 45 years).  These adults identified a number of general 
determinants including: satisfaction (taste and satiation value), perceived health outcomes, social 
influences (e.g., partners), abilities and self-efficacy, habit, cost, and knowledge.  As with children, 
the most prominent factor identified was satisfaction, suggesting that taste, texture, and potential 
preference for tastier alternatives remain barriers across the lifespan.  
The differential influence across the life-span was showcased in a study by Lucan, Barg, 
and Long (2010). When looking across their entire sample, common determinants such as cost, 
convenience, availability, and taste preference were identified as important.  However, when they 
split their sample by age, those aged < 35 years reported that the energy-giving qualities of FVI 
promoted consumption; whereas older adults (> 35 years old), reported that general digestive health 
and bowel function promoted consumption. This highlights the importance of investigating factors 
which may be unique to different age groups.   
4.3.2. Qualitative research in young adults 
So, if the literature in children reflects a lack of autonomy, and the adult literature reflects a 
sense of responsibility, what factors drive a young adult population which falls in between?  Only 
one study (to our knowledge) has investigated the perceptions of FVI in young adults from New 
Zealand using focus groups (Hartman et al., 2013).  Hartman and colleagues (2013) investigated 
beliefs about FVI in 29 students at Massey University, New Zealand (aged 18 - 24 years).  Focus 
groups of four to five people, lasting between 90 and 120 minutes were transcribed for deductive 
analysis. The major themes identified as barriers to consumption were cost, convenience, and 
availability.  In regard to cost, participants reported that FV were not always considered “essential 
groceries”, and would sometimes be sacrificed to buy other foods.  Further, participants in their 
sample reported a preference for takeaway meals, perceived to be less expensive and easier than 
preparing a FV-rich dinner. Availability was identified as a barrier and was affected by 
flatting/shared accommodation (e.g., limited by weekly shopping trips), the perishable nature of 
fresh produce, and lack of places around university campus to purchase FV. Vegetables were seen 
as an inconvenient snack whereas fruit was seen as an easy snack; however, students identified that 




fruit often spoiled in their bag, or they forgot to take fruit to university.  Shared cooking was both a 
positive and negative factor – with young adults reporting that they often put more effort into 
creating nutritious meals for house mates, but also had less control over meals from other people 
(Hartman et al., 2013).  Overall, important promoters included: taste, social influences (e.g., 
flatmates, partners), as well as some awareness of health.  The authors note that, “I eat fruit and 
vegetables because it’s healthy” was a common remark but that many young adults could not 
identify any specific health consequences.  Satiety was identified as both a motivator and a 
deterrent – vegetables were considered a filling food, whereas some fruits were said to be 
insufficient for snacking.  
4.3.3. Summary of qualitative research 
Overall, the qualitative research suggests that the motivators and barriers to eating FV 
differ by life stage.  Some factors that appear to influence FVI for young adults were aligned with 
those reported in child and adolescent focus groups (e.g., taste); whereas other factors were more 
consistent with those found in research of adulthood (e.g., convenience, health consequences); yet 
other factors were entirely unique to young adults (e.g., satiety, cost, inconvenience).  As such, 
young adulthood can be seen as a unique transitionary period where the increasing demands of 
emerging adulthood may be reflected in their perceptions regarding food choices.  
4.4. The current study 
The aim of the current study was to build on the Hartman et al. (2013) study by using 
qualitative focus group methods to investigate the perceived barriers of young adults in reaching 
recommended guidelines for FVI.  Young adults, and students especially, report the poorest FVI 
amongst all age groups (Krebs-Smith et al., 2010; Poortinga, 2007; Thompson et al., 1999; 
University of Otago and Ministry of Health, 2011) and therefore the barriers to eating adequate 
daily FV needs to be better understood to inform successful intervention.  The present study 
utilised a sample of young adults studying at the University of Otago to develop an understanding 
of this population and more importantly, to understand the unique demands of the sample in which 
the subsequent RCT would be delivered.  This approach means that the intervention is more likely 
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to target factors that are meaningful to our RCT sample, which is a key factor in developing 
successful behavioural change messages (Epton et al., 2014).  
4.5. Method 
4.5.1. Participants  
Participants were 24 undergraduate students (10 males, 14 females) aged 18 to 22 (M = 
19.1 years) from the University of Otago in Dunedin, New Zealand. Participants were recruited 
through the University of Otago Psychology Department’s experimental participation programme, 
and were reimbursed with partial course credit for completing a worksheet exercise about their 
participation. The focus groups were advertised as a discussion about “Daily Food Consumption”, 
but the study title did not mention FVI specifically. All participants provided written informed 
consent prior to commencing the study (information and consent forms in Appendix 4). 
Participants were all undergraduate psychology students enrolled in 100 or 200 level psychology 
papers, and represented a number of living situations including, with parents, group flatting 
situations, and living in a hall of residence. 
4.5.2. Materials 
A semi-structured interview protocol was used for focus groups. The interview outline 
consisted of an initial ‘Daily Consumption’ task to open the line of questioning, followed by 
questions to prompt open discussion (see Table 1).  Researchers within the Psychology Department 
were consulted regarding this methodology: one with expert experience in researching with a 
young adult population (Dr. Tamlin Conner), and another who has extensive experience in 
qualitative research, especially conducting and analysing focus groups (Dr. Gareth Treharne). 
To orient participants to the topic of discussion a ‘Daily Consumption’ task was 
completed
3
, in which they were asked to write down everything they had eaten the previous day.  
Participants were then provided with standard serving sizes guidelines based on the New Zealand 
                                                 
3
 Colucci (2007) outlined the advantages of incorporating activity-oriented strategies during focus 
groups, including making the focus group more enjoyable and engaging, as well as fostering depth 
of discussion within a group.   




Adult Nutrition Survey 2008/09 (ANS09/09; University of Otago and Ministry of Health, 2011), 
and together with the research assistants, prompted to calculate their number of FV servings on the 
previous day.  This task oriented participants to standard serving sizes and NZ guidelines for FVI 
and encouraged accurate estimates.  Thinking about and recording yesterday’s FVI enables 
participants to operationalize their behaviour close to real-time. While informative, this activity-
oriented strategy was primarily to facilitate group discussion and to foster discussion about their 
general FVI.  
Following this task, open discussion was prompted by asking a number of questions (see 
Table 4.1).  This checklist was only used to steer the discussion towards a major topic if the 
participants failed to address the topic on their own accord.  These questions were addressed to the 
whole group, and individual participants were able to contribute if they wished.  I developed the 
major question lines based on previous research, and then piloted these with a group of 
postgraduate students who were researching topics within health psychology. This line of 
questioning was designed to facilitate discussion about the perceived barriers of young adults in 
eating adequate levels of FV.  Participants were asked to think about whether their FV servings for 
the previous day was ‘typical’ for them, and whether they could identify reasons that they did (or 
did not) reach the nationally recommended five servings of FV per day (Ministry of Health, 2015).  
Individuals discussed the reasoning behind their consumption (or lack thereof), and members of the 
group were encouraged to comment on the factors discussed by other participants.  If any 
participants did not appear to have the opportunity to contribute, they were prompted directly with 




Table 4.1   
Focus Group Questions (after Daily Consumption Task) 
4.5.3. Procedure 
There were three focus group interviews consisting of groups between six and nine people; 
the focus group interviews lasted approximately 60 minutes each.  Participants gave written 
consent for the interviews to be audiotaped and for that purpose they were asked to speak as loudly 
and clearly as possible.  One main facilitator (myself) and two co-facilitators led the focus groups.  
One of the co-facilitators monitored the interview checklist throughout the session, and helped lead 
the discussion in the direction of the major topics when necessary.  The other co-facilitator was 
responsible for encouraging participants to join in the conversation by asking people their opinion 
of various topics (e.g., “what do you think about that?”).  
4.5.4. Thematic analysis 
These transcripts were analysed using the thematic analysis framework outlined by Braun 
and Clarke (2006). This framework provides a method for the identification, interpretation, and 
analysis of patterns within qualitative data – known as themes.  These steps entail: (1) establishing 
a familiarity with the qualitative data, (2) production of initial codes, (3) searching for overarching 
themes, (4) reviewing these themes, (5) defining, refining, and naming and (6) reporting the 
findings.  
                                                 
4
 New Zealand Ministry of Health (2015) guidelines recommend the consumption of two servings 
of fruit and three servings of vegetables per day. The campaign is colloquially known as “5+ a 
Day”.  
 
1 Look at your FVI from yesterday. Did you reach 5+ a day?
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2 Does yesterday reflect a typical day of consumption? 
3 If you did reach 5+ a day (and normally do) why? 
4 If you did not reach 5+ a day (and normally do not), why? 
5 
Do you know of anybody that doesn’t reach their 5+ a day? Why do you think they might 
not eat enough FV? 
6 What do you think are the barriers to young adults eating enough FV? 




Immediately following each focus group, the co-facilitators and I discussed the overall 
impressions from the interview. After all the focus groups were completed, I transcribed the focus 
group discussions in their entirety. After transcription, I read the transcripts once without any note 
taking to familiarize myself with the data and then again to identify and highlight initial codes and 
supporting quotes. The initial codes were collated into preliminary themes, incorporating data from 
all three focus groups.  From these groups, I consolidated, refined, and summarised the themes and 
sub-themes established, in order to create the general thematic summary.  Both the richness of 
description and frequency of content discussion of the data were taken into account when reporting 
the final themes.  The final summary was reviewed by facilitators present at each of the focus 
groups in order to check whether these summaries were a good representation of the original focus 
groups.  
4.6. Results 
During discussions of the overall impressions, it became clear that the data fell into one of 
two main categories – perceived barriers and perceived motivators.  Five major themes arose from 
the focus group interviews for perceived barriers: convenience, cost, social influences, 
taste/satisfaction, and knowledge.  Five major themes arose from the focus group interviews for 
perceived motivators: social influences, health, habit, taste, and convenience.  There was 
significantly more data provided for the barriers compared to the motivating factors across all focus 
groups.  Themes are listed in order of frequency (themes that appear first were discussed richly and 
frequently, whereas themes that are appear last were discussed across all focus groups but with less 
emphasis).  More comprehensive tables of major themes derived from the content analyses, their 
description, and supporting quotes are provided in Appendix 5.  
4.6.1. Perceived barriers 
1. Convenience. Convenience was identified as the primary barrier, with the planning, 
preparation, perishability, and storage all being stressed as inconvenient. FV were 
described as “time consuming” especially in comparison to unhealthy or ready-made 
alternatives that were more accessible and convenient to eat.  The participants highlighted 
70 
 
that having enough time often dictated whether they ate enough FV.  Time also reportedly 
determined their preference for quick foods (e.g., meat pies), especially in the context of 
time pressures associated with being a university student.  The storage and perishability of 
fresh FV were also seen as factors contributing to the inconvenience of FVI, as well as 
preference for foods and snacks with a longer shelf life.  Participants also identified that 
there often wasn’t enough storage for fresh produce in shared living situations such as 
flatting, where fridge space is limited.   
“I think it takes a certain amount of planning. They need prep” 
2. Cost. Cost appeared to be a major factor in preventing FV intake.  Fresh FV in particular 
were seen as expensive in comparison to unhealthier alternatives, making it difficult for 
people to justify making healthy choices.  Furthermore, this particular young adult 
population appears to prioritize spending money on meat and ‘bulk’ foods such as pasta 
and rice, as well as alcohol.  This perception was especially prevalent amongst male 
participants engaging in communal cooking in shared accommodation.  
“It’s not vegetables or good food that’s on special, it’s always the junk” 
3. Social Influence.  These young adults perceived eating habits to be significantly influenced 
by parents, family culture, and upbringing.  Growing up in a household that did not place 
an emphasis on eating adequate FV, or tended to opt for ‘fast and easy’ foods, was seen as 
a barrier to eating FV.  Their current habits regarding FVI were tied to exposure (or lack 
thereof) to FV during their upbringing as well as their parents’ attitude towards food.  
Participants identified a belief that once people have reached young adulthood they already 
developed a lifestyle that they are then unwilling, or are unsure how, to change.  
“They [her parents] don’t place a huge importance on that” 
4. Satisfaction/Taste.  Factors of taste including freshness, texture, satiety, and relative 
enjoyment were all identified as barriers to eating FV. The primary factor for this theme 
was satiety.  Participants identified that often fruit and salads were not enough to keep 




them satiated, and choosing more filling alternatives meant they missed out on reaching 
their recommended daily intake of FV.  Participants also recognised that the taste and 
texture of certain FV was a barrier, especially for individuals who identified as ‘picky’ or 
‘fussy’ eaters.  Finally, a preference for freshness and certain ways of cooking FV often 
dictated whether or not participants would choose to eat FV.  There was a particular dislike 
for the way FV were prepared in the University halls of residence (dorms), which often led 
to consuming fewer FV.  
“Sometimes you need more than just fruit or veg” 
5. Knowledge.  Although this was not talked about as much as some of the other themes, there 
was agreement that lack of knowledge of the preparation and cooking of FV was also a 
major barrier.  Participants discussed how not knowing ways to prepare or cook FV 
(predominantly vegetables), often meant little dietary variation and low FVI.  Lack of 
knowledge about how many servings of FV to eat and the serving sizes themselves were 
seen as “vague”.  Furthermore, not being aware of the physical/psychological benefits of 
eating well was identified as a potential barrier; with participants suggesting a greater 
awareness of health benefits would improve FVI.  
“He simply doesn’t know how to prepare it” 
4.6.2. Motivating Factors 
It appeared that discussing barriers in reaching daily FV naturally led into discussion about the 
reasons or perceived motivators in reaching adequate FVI as well.  The motivating factors appeared 
to be individualized, with participants reporting different reasons for consuming FV; whereas, the 
barriers tended to be unanimous across most participants.  
1. Health/ body image.  Some participants identified that they choose to eat adequate amounts of 
FV purely because they are considered healthy and they know they are supposed to.  
Alternatively, some participants identified that they do not eat enough FV despite knowing they 
are supposed to.  There was a discussion about current trends that promoted FVI, such as 
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“eating clean”, and “fitspiration
5
”, which were particularly endorsed by female participants. 
This discussion drew on the pressure to have the “right body” and to adopt the image of being 
“really healthy”. Despite being identified as a motivating factor, these trends were not 
necessarily viewed as positive. Both male and female participants reported that they were less 
likely to be influenced by long-term health outcomes, and more likely to be driven by salient 
and immediate consequences (e.g., weight, skin health).   
“It’s pretty in vogue these days to be really healthy” 
2. Convenience.  Some participants identified that choosing convenient ways of consuming FV 
acts as a motivating factor in reaching their recommended daily FVI.  Frozen vegetables in 
particular were identified as very convenient, as it removed the barrier of perishability.  
Availability of fresh produce close to campus was also identified as a factor leading to 
adequate FVI.  
“It really adds to the convenience, especially the Hinton’s [produce stall on campus] lunch bags” 
3. Social influences. Just like social influences were identified as a major barrier to FVI, parental 
and peer influence were also seen as a motivating factor to eat healthily.  People identified that 
their positive eating habits were influenced by having parents who promoted FVI and included 
FV as a consistent part of the eating culture throughout childhood.  Additionally, being exposed 
to peers with healthy eating habits was also seen as motivating.  Exposure to vegetarian 
cooking from friends and flatmates was seen to educate individuals about different ways to 
include FV in to their diets, including things like “Meat-free Mondays”.  
“Having a vegetarian in our flat… she has more fruit and vegetables and when you see what she 
cooks and you’re like “oh yeah!”.” 
4. Habit. Some participants identified that the reason they reach adequate FVI is due to habit, and 
that meals were thought of as incomplete without the inclusion of FV.  It was difficult to 
                                                 
5
 “Fitspiration” or “fitspo” refers to fitness inspiration content displayed on social media (e.g., 
weight loss tips, exercise related information, “before-and-afters”). Exposure has been linked to 
negative effects such as body dissatisfaction (Carrotte, Prichard, & Lim, 2017). 




differentiate between social influences and habit, as the development of eating habits almost 
always stemmed from discussions of parental influence and upbringing.  It would appear that 
habit was conceptualised as the product of previous experience (e.g., early family life), but was 
also discussed separately from these influences.   
“Having a meal without vegetables is weird. It just feels weird.” 
4.7. Discussion 
While young adults maintain some preference for immediately salient factors such as 
satiety and preference for other unhealthy alternatives (similar to those outlined in the child and 
adolescent literature), they also consider factors which suggest greater responsibility such as cost 
and awareness of health consequences (similar to those outlined in the adult literature).  These 
findings suggest that a young adult population have perceptions and beliefs that reflect a sense of 
emerging agency and responsibility over food choices and the consequences of these choices.  It is 
perhaps unsurprising then that convenience becomes the major determinant of FVI in young 
adulthood – a period characterised by increasing responsibility and continued skill development.  
So, while this group may have more control over their food choices than children and adolescents, 
they may still be limited by their ability to manage responsibilities such as attending university 
classes, cooking, and social outings. There was agreement throughout the focus groups that FVI 
requires knowledge of food preparation and cooking, skills in which not all young adults are 
competent – again reflecting a period of skill development.  However, it was promising that the 
participants who had discovered convenient ways of purchasing and consuming FV identified that 
this served as motivation for consumption.  
The second major barrier was cost.  The young adult sample in the present study held 
strong beliefs that FV were expensive commodities, especially in comparison to unhealthy 
alternatives such as fast-food.  Furthermore, there seemed to be foods that were prioritised above 
FV, such as meat, alcohol, and more filling, ‘bulk’ foods (e.g., rice and pasta).  This may reflect a 
student’s limited income and budgeting skills, as well prioritization of foods that are important to a 
student lifestyle.  There was a belief that a lack of FVI during upbringing as well as a lack of 
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encouragement for healthy eating from parents were pivotal in the development of poor eating 
habits.  This suggests that the food environment in early years can have lasting affects into young 
adulthood, even after an individual has left the family unit.  While parental influence remains 
important, young adults are influenced by those with whom they spent most of their time – notably 
friends and flatmates.  
These findings were largely consistent with Hartman and colleagues (2013), suggesting 
that young adults have specific barriers/motivators that can influence their FVI. Factors such as 
convenience, impact of shared accommodation, social influences, as well as some perception of 
health outcomes were consistent across these two New Zealand samples. Although, while Hartman 
and colleagues (2013) identified cost as a barrier, it appeared that in their sample it was perceived 
as less critical than in the current sample who identified it as a major limitation. Similarly, previous 
research identified taste as the most consistent predictor of FVI in children and adolescence 
(Krølner et al., 2011) as well as some research in adulthood (Brug et al., 1995).  However, taste and 
satisfaction were considered relatively small barriers in the young adults tested here.  A preference 
for alternatives was mainly identified because of issues with cost and time, rather than the dislike 
of FV themselves, suggesting that this population would be open and willing to eat sufficient FV if 
these barriers were offset.   
4.7.1. Using themes to inform EMI messages 
This focus group study allowed for a richer understanding of the factors that contribute to 
the FVI of a young adult population, and more importantly, the sample in which the RCT would be 
delivered.  The themes identified areas in which perceived barriers could be offset and identified 
motivators could be capitalized on to promote FVI: 
1. Outlining cheap ways to access and use FV, and the comparative cost of unhealthy alternatives, 
to debunk the perception that healthy foods are expensive and unhealthy alternatives are 
inexpensive.  
2. Promoting awareness of FV vendors close to, or immediately on, campus as sources of FV that 
are accessible, cheap, and convenient.  




3. Outlining ways to buy, prepare, and consume FV conveniently, especially for students who 
perceive themselves to be time poor. This would help in presenting FV as a convenient option 
and able to be part of a young adult lifestyle.  
4. Describing ways in which FV can be added to meals, to encourage consumption in flatting 
situations in which main meals are shared.  This would target the social influences that are 
outlined to be important to young adults.  
5. Promoting health benefits of eating FV, both in terms of immediate outcomes that are likely to 
important to young adults (e.g., skin health), as well as some longer-term health consequences. 
4.7.2. Conclusion 
This study highlighted the unique perceptions of FVI in a young adult population, 
suggesting that convenience, cost, social influences, and salient health consequences are relevant in 
determining FVI (or lack thereof).  These qualitative focus groups provided an understanding of 
what beliefs to target, and the following chapter provides information on the how the messages 









CHAPTER 5: The Development of EMI Messages
6
 
The current chapter presents the process of developing the daily text-messages to increase FVI in a 
young adult population based on the focus group findings. Firstly, I provide the rationale for 
developing a text-messaging Ecological Momentary Intervention (EMI), as well as an overview of 
the message development process, including the application of relevant health behaviour theory.  
5.1. Rationale for text-messaging EMI 
In regards to traditional nutrition interventions, most developed countries have had well-
established FV promotion initiatives for decades (e.g., “5+ A Day”; Pomerleau, Lock, Knai, & 
McKee, 2005). Policies that promote FVI are predominantly educative programmes operating 
through child health and wellness services, schools, communities, and public service television ads.  
Broad, community-wide policy approaches are difficult to evaluate, and their reported effectiveness 
varies considerably (Pomerleau et al., 2005).  The most popular and widely tested dietary 
interventions utilise nutritional counselling and education (e.g., Steptoe et al., 2004), but their 
impact on FVI is variable.  In a review of 44 interventions aimed at improving FVI, increases in 
daily consumption in a healthy adult population ranged from +0.1 to +1.4 servings (Pomerleau et 
al., 2005). These modest gains reflect that dietary change is a difficult behavioural process, and as 
such, researchers are investigating new ways to target this difficult health behaviour.  
As outlined previously, an emerging method of providing real-time individual level support 
is through the use of mobile technologies (Free et al., 2013; Heron & Smyth, 2010).  These 
‘Ecological Momentary Interventions’ (EMIs) use mobile phones to provide interventions to 
individuals as they navigate their daily lives, meaning that health interventions can be delivered to 
individuals during contexts and times that are relevant to food decisions (Free et al., 2013; Heron & 
Smyth, 2010). This methodology allows researchers to tap into forms of communication (such as 
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 Chapter 5 is based on the following publication: Brookie, K. L., Mainvil, L. A., Carr, A. C., 
Vissers, M. C. M., & Conner, T. S. (2017). The development and effectiveness of an ecological 
momentary intervention to increase daily fruit and vegetable consumption in low-consuming young 




text messaging) that already exist within a young adult population (Cole-Lewis & Kershaw, 2010; 
Gold et al., 2015; Smith, 2015).  Furthermore, text messaging is a “push” technology, meaning that 
reminders, health information, motivational messages, and other content can be delivered without 
any effort required from participants (Klasnja & Pratt, 2012).  
These kinds of EMIs utilising text messages have already been shown to improve several 
health outcomes in young adults, including alcohol use (Free et al., 2013; Riordan, Conner, Flett, & 
Scarf, 2015; Riordan, Scarf, & Conner, 2015; Suffoletto, Callaway, Kristan, Kraemer, & Clark, 
2012), diabetes management (Preston et al., 2010), sexual health (Free et al., 2013; Lim et al., 
2012), mental health (Kauer et al., 2012; Reid et al., 2012), disease management (Cole-Lewis & 
Kershaw, 2010), and physical activity (Free et al., 2013). This prior research suggests that text-
messaging EMI approaches may be an effective means of promoting FVI in the young adult 
population.  
5.2. Message development 
Researchers have asserted that the most important determinant of successful health 
message development is that the messages are: (a) meaningful and understandable to the people 
receiving them, and (b) have a theoretical basis (Epton et al., 2014). The use of qualitative focus 
groups in the previous chapter provided information about the FV-related factors that are important 
to a young adult population, allowing the development of “targeted [and] culturally appropriate” 
messages (Craig et al., 2008, p.49). While these focus groups helped identify what beliefs about FV 
to target, the following sections outline how to target these beliefs to evoke dietary change using 
best-practice principles from health behaviour theory.  
5.2.1. The theoretical basis 
A number of researchers have highlighted the importance of incorporating theory into 
health message development (Nour, Chen, & Allman-Farinelli, 2016; Webb, Joseph, Yardley, & 
Michie, 2010); however, there are no clear guidelines for researchers in choosing which health 
behaviour theories to choose for interventions (Davis, Campbell, Hildon, Hobbs, & Michie, 2015).  
There are a number of prominent behavioural theories, many of which have been specifically 




applied to promoting changes in diet (e.g., Theory of Planned Behaviour, Ajzen, 1985, 1991; and 
Social-Cognitive Theory, Bandura, 1986). These theories largely operate as ‘continuum’ models, 
proposing that improved motivation and intention will eventually lead to desired behavioural 
change by targeting attitudes, highlighting social norms, and identifying consequences of changing 
(and not changing).  However, the major criticism of these theories is that they fail to account for 
fact that people do not consistently act in line with their intentions, known more commonly as the 
‘intention-behaviour’ gap (Sheeran, 2002).   
In an attempt to address this criticism, multi-stage theories like the Health Action Process 
Approach (HAPA; Schwarzer, 1992) outline that a single predictive model is not sufficient to 
determine whether a behaviour will actually be performed (Baban & Craciun, 2007). The HAPA 
postulates that change requires both a behavioural intention and the capacity to complete the given 
behaviour successfully (Schwarzer, 1992; Schwarzer & Luszczynska, 2008). More specifically, it 
describes two phases of adopting and maintaining health behaviours: (a) a motivational phase 
which leads to a behavioural intention, and (b) a volitional phase which reflects the transition of 
intention into actual behaviour.  In the motivational phase, intention is formed from risk perception 
and outcome expectancies (i.e., highlighting the positive consequences of completing the 
behaviour) and pre-action (task) self-efficacy (i.e., the belief in one’s capacity to accomplish the 
desired behaviour) (Schwarzer & Luszczynska, 2008).  
While the first phase is comparable to earlier theories (e.g., Theory of Planned Behaviour; 
Azjen, 1985, 1991), the volitional phase distinguishes HAPA from other theories by addressing the 
common disparity between intention and performed behaviour through the promotion of planning 
and self-efficacy. Planning is an important precipitant of behaviour as it allows for a mental 
representation of “how”, “when”, and “where” a behaviour can be performed successfully 
(Sniehotta, Scholz, & Schwarzer, 2005). Additionally, what is coined as ‘maintenance self-
efficacy’ (Luszczynska & Schwarzer, 2003) reflects one’s capability that behaviour can be 
maintained and adopted into routine, and that an individual has strategies to overcome perceived 
barriers.  Finally, self-regulatory strategies, such as self-monitoring, have been identified as 
beneficial for the maintenance of behavioural change (Sniehotta et al., 2005).  
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In the sections that follow, I used this particular health behaviour change theory – HAPA –  
to gently guide the development of meaningful EMI messages and timing.  HAPA was chosen due 
to its ability to bridge the intention-behaviour gap (common in dietary change), and its previous 
application to dietary behaviours (Kreausukon, Gellert, Lippke, & Schwarzer, 2012; Lin, 
Scheerman, Yaseri, Pakpur, & Webb, 2017; Schwarzer, 1992; Schwarzer & Luszczynska, 2008).    
5.2.2. Method and results 
The text-messages were co-developed with an advisor who has led multiple interventions 
to promote FVI in young adults (Dr Louise Mainvil, Department of Human Nutrition, University of 
Otago). Collaboratively, the messages were drafted, refined, and re-drafted after being piloted with 
a group of 10 students from the target population.  
Given a desire to reduce participant burden, but capture food choices that occur multiple 
times a day, it was considered that twice daily text messages for two weeks (26 messages in total) 
would be sufficient to target a wide range of barriers/motivators, in a number of different ways, 
without annoying participants or reaching saturation levels.  Feedback from the pilot group 
concurred with this.  
Considerations of optimal delivery timing were also discussed.  Ultimately, messages were 
scheduled for times when the target audience would usually contemplate food choices.  Given the 
student population, text messages were often scheduled between classes (ten minutes before the 
hour) in order to ‘catch’ students with their phones or contemplating a snack between lectures. 
Furthermore, a few messages were scheduled specifically to the lifestyle of a university student 
living in Dunedin, New Zealand. For example, on a Friday evening a message was sent to remind 
participants of the local farmers’ market the following morning, allowing them time to plan. Given 
that participants started the intervention on different days of the week, a unique EMI schedule was 
tailored for participants starting on Monday versus Tuesday, and so on, to ensure that day-specific 
messages (e.g., reminder about the farmers’ market) were sent on the correct day.  




Table 5.1 outlines the final EMI text-messages. Collectively these messages aimed to 
promote a behavioural intention by motivating the young adults to eat more FV, and bolstering 
their self-efficacy to perform these changes by overcoming identified barriers that may have 
previously prevented them from doing so. Each message was limited to 160 characters and was 
sent using WebSMS from www.messagemedia.com, an online short messaging service (SMS) 
system which allowed text messages to be scheduled ahead of time to large groups of people. 
Table 5.1   
Ecological Momentary Intervention (EMI) Text-messages 
1. Most fruits and veggies are low in calories but are filling. Fill up on fruits and veggies 
to help maintain a healthy weight. 
2. Research shows fruits and veggies can help boost your productivity. Eat fruits and 
veggies to maximise your study efforts!  
3. Eat your colours! Eat a rainbow of fruits and veggies for a range of antioxidants, and 
help your body fight disease. 
4. Eat orange food (apricots, carrots, kumara) with a little fat (nuts, oil) to absorb more 
beta-carotene - great for your eyes and skin.  
5. The body takes a hit after a big night out. Eat leafy green vegetables and citrus fruits to 
restore lost vitamins and minerals. 
6. Fibre is important for weight control – ALL vegetables and ALL fruit provide excellent 
sources of fibre. 
7. Hitting the gym? Potassium is vital for fluid and electrolyte balance and muscle 
contraction. Eat a banana, orange, or tomato. 
8. Did you know you could get 6 bananas and 4 carrots for the price of 1 coffee? Could 
you substitute a hot drink for better health? 
9. Did you know you could get 12 bananas and 10 carrots for the price of 1 beer? Could 
you substitute one beer for better health? 
10. Hinton's (outside the Link) & Veggie Boys are on/ near campus. It's easy to pick up 
cheap fruits & veggies for dinner, or stop for a quick snack between class! 
11. Fruit is the original “fast-food”! It is quick, easy to eat, and will keep you fueled 
between meals. 
12. Feeling that fresher flu? Boost your Vit C intake (citrus & kiwifruit, broccoli) to help 
fight infection, keeping yourself and those around you healthy 
13. Don’t miss classes and social events! Getting your 5+ provides you with essential 
vitamins and minerals which keep you fit and healthy. 
14. Take a minute and count up how many FV servings you’ve had today. How can you 
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sneak in more? Can you reach your 5+ today?  
15. Plan for success – think about how you’re going to reach your goal of 5+ a day. 
WHAT are you going to do, WHEN and WHERE? 
16. Food is the safest and most powerful form of medicine or the slowest form of poison – 
the choice is yours. Choose 5+ today! 
17. Try adding canned or fresh fruit to your morning cereal or porridge – an excellent way 
to sneak 2 servings in before lunch! 
18. Leftover roast vegetables or stir-fry makes a healthy and filling lunch. Why not make a 
little extra dinner and put it away for lunch? 
19. Stretch your food dollar – add a bag of frozen vegetables, diced pumpkin, or a couple 
of grated carrots to bulk out your dinner. 
20. Eggs are a great source of protein for breakfast or lunch – try adding diced vegetables 
to create a well-rounded meal.  
21. Give ‘Meatless Mondays’ a go this week. Cut costs and get creative by making 
vegetables the star of your dinner.  
22. Fruit and chopped veggies (celery, carrots) make the perfect ‘grab and go’ snack. 
Snacking on these is a great way to get your 5+ a day. 
23. Check out the farmers’ market tomorrow morning at the Railway Station – pick up 
some of the freshest and cheapest local produce in Dunedin. 
24. End your 5+ challenge on a positive note – make sure you hit 5+ today by including 
fruits and veggies at every meal.  
25. 5+ a day is easy to reach with a bit of planning – buy a bag of apples or carrots and 
keep them handy for a quick and easy snack.  
26. Be proud of the choice to nourish your body with healthy fruits and veggies. How can 
you go one step further today? Can you improve on yesterday’s consumption? 
 
Motivational styled messages aimed to establish and maintain behavioural intention by 
providing information about the benefits of consuming adequate daily servings of FV and the 
positive health consequences of increasing daily intake. As the focus groups highlighted the 
importance of salient and shorter-term health outcomes, attempts were made to create outcome 
expectancies relevant to a young adult population who are often endowed with feelings of 
immortality and who focus on the ‘here and now’ (e.g., “Research shows fruits and veggies can 
help boost productivity. Eat fruits and veggies to maximise your study efforts”). Additionally, the 
focus groups highlighted appearance and body image as motivating factors. Incorporation of these 




factors was carefully considered, and designed to reflect ideas about ‘healthy’ weight and 
performance rather than negative body image. For example, “Most fruits and veggies are low in 
calories but are filling. Fill up on fruits and veggies to help maintain a healthy weight.” and 
“Hitting the gym? Potassium is vital for fluid and electrolyte balance and muscle contraction. Eat a 
banana, orange, or tomato.”. In addition to specific motivators outlined by the focus groups, some 
messages provided more general encouragement to successfully reach at least 5+ a day (e.g., “Be 
proud of the choice to nourish your body with healthy fruits and veggies. How can you go one step 
further today? Can you improve on yesterday’s consumption?”).  
To bridge the gap between the established intention and potential action, a number of 
volitional messages were included, based heavily on the perceived barriers that emerged from the 
focus groups. As outlined in the HAPA, having the capacity and utilising strategies to overcome 
barriers, is important for the maintenance of behaviour change. The focus groups highlighted that 
the perceived cost and inconvenience of FVI were the major barriers, and that there is often a 
preference to allocate limited funds to unhealthier alternatives. As such, a number of messages 
dispelled some of the myths about the costliness of FVI by comparing them to commonly preferred 
commodities. For example: “Did you know you could get 12 bananas and 10 carrots for the price 
of 1 beer? Could you substitute one beer for better health?”.  Other messages highlighted 
convenient and cost-effective ways to buy, prepare, and consume FV (e.g., “Fruit and chopped 
veggies (celery, carrots) make the perfect ‘grab and go’ snack. Snacking on these is a great way to 
reach your 5+ a day”); as well as showcasing local produce vendors (“Hinton's & Veggie Boys are 
on/ near campus. It's easy to pick up cheap fruits & veggies for dinner, or stop for a quick snack 
between class!”).  
Given the discussion around the importance of habit formation in the focus groups, a 
number of instructional messages highlighted ways to incorporate FVI into a student routine (e.g., 
“Leftover roast vegetables or stir-fry makes a healthy and filling lunch. Why not make a little more 
for dinner and put it away for lunch?”). These instructional messages also aimed to offset another 
barrier highlighted by the focus groups – a lack of knowledge in how to prepare FV. These 
messages offered easy and cheap ways to include FV into main meals (e.g., “Give ‘Meatless 
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Mondays’ a go this week. Cut costs and get creative by making vegetables the star of your 
dinner”). This also targeted a social influence for those who are flatting, as main meals such as 
dinner are often shared.  
The HAPA also highlights the importance of planning. Messages included general 
encouragement to plan in order to foster a mental representation of how the behaviour can be 
performed (e.g., “Plan for success – think about how you’re going to reach your goal of 5+ a day. 
WHAT are you going to do, WHEN and WHERE?”), as well as more specific planning suggestions 
(“5+ is easy to reach with a bit of planning – buy a bag of apples or carrots and keep them handy 
for a quick and easy snack”). One message also prompted participants to self-regulate their 
behaviour through monitoring (“Take a minute and count up how many FV servings you’ve had 
today. How can you sneak in more? Can you reach your 5+ today?”).  
Findings from the focus groups revealed that FVI is often seen as inconsistent with a 
student lifestyle. In order to make the messages as relevant and engaging as possible, I incorporated 
colloquial language (e.g., “Feeling that fresher flu
7
? Boost your Vit C intake (citrus & kiwifruit, 
broccoli) to help fight infection, keeping yourself and those around you healthy.”); I also tried to 
make FVI applicable to popular student activities (e.g., “The body takes a hit after a big night out. 
Eat leafy green vegetables and citrus fruits to restore lost vitamins and minerals”).  
5.3. Limitations 
This process of development meant that the text-messages were grounded in widely 
accepted health behaviour theory (HAPA) which aims to reduce the intention-behaviour gap; 
however, a limitation of behaviour theories in general is that they cannot account for all 
environmental and economic cues that interfere with the ability to translate motivation into action. 
Despite the best behavioural intentions and perceived capacity to achieve this change, students are 
often financially constrained. Given that financial burden was identified as a major barrier to 
reaching adequate FVI, it was considered that cost may have to addressed in a more concrete way 
in addition to behavioural theory alone. This is discussed further in Chapter 6: Part 1.  
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The EMI messages were based on universal health behaviour theory, but specifically 
informed by the target sample - young adults at the University of Otago. Targeting this particular 
population was essential in developing the most successful messages; however, factors that 
influence one group of young adults may differ to another group of young adults, either in a 
different campus or from a non-student population. Furthermore, these are likely to be less 
effective for older populations who tend to have different barriers and motivators in reaching 
adequate FVI (Brug et al., 1995; Lucan et al., 2010). If these text messages were to be used in a 
different intervention, they would need to be edited to reflect these differences.  
5.4. Conclusions 
This chapter outlined the theoretical underpinnings of an ecological momentary 
intervention (EMI), utilising twice daily text messages. Substantial efforts were made to ensure 
these messages were relevant and engaging to the target population. The following chapter outlines 
whether this EMI was successful. That is, did this intervention successfully increase FVI in a group 
of low-consuming young adults, and how did the EMI fare in comparison to a group who were 









CHAPTER 6: A Randomised Controlled Trial (RCT) 
As indicated throughout this thesis, there is a paucity of experimental research on the relationship 
between FVI and mental health, particularly the link to well-being. As such, researchers have been 
limited in determining whether the relationship between FVI and well-being is causal. At the time 
of its conceptualisation, no research has considered the comprehensive effect of FVI on a range of 
positive and negative measures of mental health using an experimental design.  The current chapter 
addresses this major limitation and reports the method and results of a micro-longitudinal 
randomised controlled trial (RCT) with three conditions:  
1. A diet-as-usual control condition in which participants were asked to maintain their regular 
food consumption for two weeks. 
2. An ecological momentary intervention condition (EMI), in which participants were sent twice 
daily text messages that utilised a variety of behaviour change techniques to help them increase 
their FVI to at least five combined daily servings; 
3. A fruit and vegetable condition (FVI), in which participants were given a bag of two weeks’ 
worth of fruit and vegetables and were asked to consume at least two additional servings (one 
fruit and one vegetable) on top of their regular daily FVI; 
The choice of assessment methodology in this intervention — smartphone tracking of daily 
nutrition and psychological outcomes for two weeks — is in line with the methodological 
perspective of the thesis and reflected the desire to minimise memory-based reporting and 
maximise sensitivity to detect possible group differences in mood and well-being changes over 
time (Conner & Barrett, 2012).   
The design and findings of this RCT are presented in two parts, which reflects the two 
publications to come from this thesis (Brookie et al., 2017; Conner, Brookie et al., 2017).  Part 1 
presents the study protocol and the results addressing whether the intervention conditions 
successfully increased fruit and vegetable intake – especially how the EMI condition fared against 
a condition being provided with daily FV. Part 2 presents the results from the psychological 
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measures addressing whether the increases in FVI in the two intervention conditions translated into 
meaningful mental health changes. 
The RCT also explored potential mechanistic pathways.  Vitamin C and carotenoids are the 
most consistently reliable biomarkers of FVI (Baldrick, Woodside, Elborn, Young, & McKinley, 
2011), and have been implicated in psychological processes involved in mood and well-being (Carr 
et al., 2013; Kaplan et al., 2007).  The measurement of these biomarkers allowed for: (a) validation 
of participants’ self-reported FVI with an objective measure of nutrient intake (Al-Delaimy et al., 
2005; Baldrick et al., 2011; Campbell et al., 1994; Drewnowski et al., 1997), and (b) exploration of 
whether changes to these biomarkers explained the relationship between FVI and well-being.   
Another potential psychological mechanism was also explored.  It has been suggested that 
the relationship between food and mood may be (in part) due to positive psychological 
expectancies. That is, the belief or perception that eating FV will improve one’s health serves as a 
self-fulfilling prophecy and actually translates into increased well-being (Rooney et al., 2013).  
However, no study has investigated this potential expectancy effect. As such, various psychological 
expectancies were measured post-intervention to assess whether those who had increased their FVI 
also had high expectations about the potential benefits to their well-being, and whether this 
expectation explained improvements in well-being (explored in Part 2).  










The current section reports the protocol for the randomised controlled trial (RCT), and its 
effectiveness in increasing fruit and vegetable intake (FVI) in a low-consuming young adult 
population. Specifically, Part 1 reports on the effectiveness of the text messaging EMI and how this 
condition fared in comparison to the other intervention condition (FVI) and control in regards to 
dietary change. That is, did this EMI intervention effectively increase levels of consumption in 
low-consuming young adults and can it be considered a valid means of intervention for this 
population. In terms of behavioural change, diet is a difficult behaviour to manipulate. As 
mentioned previously, traditional face-to-face nutritional interventions vary considerably, but have 
reported modest increases between +0.1 and +1.4 daily servings (Pomerleau et al., 2005). If 
successful, an EMI approach could provide an alternative to traditional nutritional interventions 
that are able to be disseminated more cost-effectively, efficiently, and to large groups of people. 
6.1. Method 
6.1.1. Participants 
A sample of 171 young adults (56 men, 115 women), 18 to 25 years old (M = 19.43, SD = 
1.45) were recruited.  Participants identified as European (64%), Asian (18%), Māori or Pacific 
Islander (8%), or another or mixed ethnicity (11%).  Participants were students at the University of 
Otago, New Zealand who were recruited through the Psychology Department’s experimental 
participation program and reimbursed with partial course credit for completing a worksheet 
exercise about their participation (n = 135, 79%). Other participants were recruited through a 
student employment agency (Student Job Search) and reimbursed with a small cash payment of $40 
                                                 
8
 Chapter 6: Part 1 is based on the following publication: Brookie, K. L., Mainvil, L. A., Carr, A. 
C., Vissers, M. C. M., & Conner, T. S. (2017). The development and effectiveness of an ecological 
momentary intervention to increase daily fruit and vegetable consumption in low-consuming young 
adults. Appetite, 108, 32-41. 
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(n = 36, 21%). All participants provided informed consent to participate in the study (information 
and consent forms provided in Appendix 6). 
6.1.2. Registration 
This study was approved by the University of Otago Human Ethics Committee (#15/010), 
with input from the Ngai Tahu Māori Consultation Committee. The experimental design and 
primary outcome measures (including biomarkers) were registered before recruitment with the 
Australia New Zealand Clinical Trials Registry (ANZCTRN12615000183583).  The recruitment 
commenced in March 2015 and follow-up data was collected by the end of November 2015.  
6.1.3. Recruitment 
The study was advertised as the “Role of Nutrition in Daily Life”, investigating how 
“various lifestyle factors may contribute to daily experiences of health and vitality”.  Participants 
registered their interest, either through the experimental participation website or Student Job Search 
listing, and were redirected to the pre-screening survey on an online survey platform. Over 400 
participants were screened for eligibility using an online, five-item questionnaire with closed-ended 
responses.  Inclusion criteria included being in the young adult age range (18 to 25 years old), 
having an Internet capable smartphone, identifying as low-FV-consuming (no more than 3 
combined servings of FV per day), not being on any anti-depressant medication, and having no 
known FV allergies.  Additional questions were included about other foods (e.g., confectionary) as 
distractor items.  Participants who passed this pre-screening were eligible to register. Eligible and 
consenting participants (n =  174)
9
 were randomly assigned, using a computer generator, into the 
different conditions which were stratified by gender to ensure equal representation. A total of three 
participants dropped out; two participants from the EMI condition were unable to provide blood, 
and one participant from the FVI condition had an incompatible smartphone. Figure 6.1 shows the 
Consort Diagram reflecting the flow of participants throughout the trial and explanations for drop 
outs.   
                                                 
9
 Power analyses determined a total of 150 participants would be needed to detect significant group 
differences in FVI (α = 0.05). 






Figure 6.1. Diagram of screening, allocation, and reasons for exclusion and allocation to 
intervention conditions  
Note: 
a 
EMI = Ecological Momentary Intervention condition; 
b 
FVI = Fruit and Vegetable 
Intervention condition;  
  
Assessed for eligibility 
(n ~ 426 survey attempts, unknown if unique individuals) 
Excluded (n = 252) 
 Not 18-25 years (n = 30) 
 No access to smartphone (n = 
9)  
 Typically ate > 3 servings of 
FV per day (n = 30) 
 Antidepressants (n =  22) 
 Eligible but did not sign up (n ~ 
99) 
   
Randomised (N = 174) 
Allocated to control 
(n = 60) 
Received allocated 
intervention (n = 59) 





(n = 57) 
Received allocated 
intervention (n = 55) 
Early debrief (n = 2; 
inability to provide blood 
sample) 
Completed intervention and 
analysed for psychological 
data (n = 59, none excluded) 
Completed intervention and 
analysed for psychological 
data (n = 55, none excluded) 
Allocated to FVI
b 
(n = 57) 
 
Received allocated 
intervention (n = 57) 
 
No early debriefs.  
Completed intervention and 
analysed for psychological 





Figure 6.2 shows the order of study procedures. Eligible participants were randomised into 
one of three conditions (see Conditions below) and attended an initial session in the Psychology 
Department in condition-specific groups of 3 to 11 people (Day 1). Participants individually 
completed informed consent and a computerised self-administered questionnaire, including 
demographics (see Measures). During this initial session, as a group, participants were trained on 
how to report accurate FV serving sizes and were provided with information specific to their 
condition. 
Starting the evening of Day 1, participants completed the first of 14 daily diaries to monitor 
their daily food consumption and psychological experiences. Participants’ responses to the nutrition 
measures on Day 1 served as baseline FVI for this intervention, as this diary assessment occurred 
prior to the commencement of the intervention (i.e., the conditions had not received their allocated 
intervention yet). A number of changes were made following Study 1 to improve this daily diary 
methodology. Firstly, it was significantly shortened so it could be completed between 3 and 5 
minutes. Secondly, the online diary was designed specifically to be viewed on a smartphone, and 
participants received this daily diary via hyperlink each day. Finally, the smartphone daily diary 
was made accessible between the hours of 7:00pm and 01:00am and participants were asked to 
complete it only after they had eaten all their food for the day. This meant that all daily food intake 
was likely to be captured. Additionally, all participants were sent a text message at 9:00 pm each 
evening as a reminder to complete their daily diary.  
The next morning (Day 2), participants attended an on-campus clinic in the Department of 
Human Nutrition and gave a fasting baseline blood sample (4 ml). The sample was drawn by 
venepuncture by a trained phlebotomist. During this clinic visit, height and weight were also 
measured using standardised techniques (Lohman, Roche, & Martorell, 1988) to compute body 
mass index (BMI = kg/m
2
) to include as a covariate. After giving their blood sample, participants 
received resources specific to their allocated intervention. Those assigned to the FVI group 
received their package of fruits and vegetables (see FVI Condition), those in the EMI condition 




were given a $10 greengrocer voucher and started receiving their daily text-messages (see EMI 
Condition),  those in the control condition received their packet of sugar-free chewing gum (see 
Control Condition).   
For the next 13 days (Day 2 – Day 14), participants continued with their individual 
intervention demands and completed the daily diary on their smartphone every evening. Any 
participant who had missed two daily diaries was sent an encouraging reminder text to continue 
completing the evening daily diary.  
  On the last morning of the study (Day 15), participants returned to the on-campus clinic in 
the Department of Human Nutrition to provide a second (follow-up) fasting blood sample (4 ml). 
Participants then returned to the Psychology Department to complete a follow-up questionnaire. 
Lastly, participants were debriefed and reimbursed with research credits (after worksheet 
completion) or a small cash payment ($40) if recruited through the student employment agency.  
 Day of Study 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Initial Lab 
Session   
X               
Demographic 
Survey 
X               
Psychological 
Survey  
X              X 
Smartphone 
Daily Diary 
X X X X X X X X X X X X X X  
Intervention  X X X X X X X X X X X X X  
Clinic Visit/ 
Blood Sample 
 X             X 
Follow up Lab 
Session  
              X 
Figure 6.2 Order of study procedures Day 1 to Day 15 for all participants. Note: An X indicates 
that a procedure occurred that day 
6.1.5. Conditions 
Participants were randomised into one of three conditions: two intervention conditions or a 
diet-as-usual control condition. The interventions involved enacting a dietary change to increase 
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daily fruit and vegetable consumption for 13 days, either through the provision of daily text-
messages to encourage FVI or through the provision of daily servings of fruits and vegetables.  
Ecological Momentary Intervention (EMI) Condition  
Those assigned to the EMI condition were given a challenge to increase their FVI to at 
least five servings a day (Ministry of Health, 2015).  They were briefly told that, as a group, young 
adults often do not achieve this recommended level of intake, and are therefore at risk of missing 
out on associated benefits. These participants received two text-messages a day for 13 days starting 
on Day 2 (after giving the baseline blood sample).  A total of 26 text-messages (details in previous 
chapter) were sent in a standardised sequence at targeted times for maximum impact (e.g., before 
meal times and between classes to influence food choices).  The first message was sent between 
9:00 am and noon, and the second message was sent between 1:00 pm and 6:00 pm. Participants 
were not required to respond to these messages. Given that financial burden was identified as a 
major barrier to reaching adequate FVI in this population, it was determined that cost may have to 
be addressed in a more concrete way.  As such, those in the EMI also received a $10 voucher for a 
local greengrocer, and were explicitly told to use this voucher to assist in their challenge. This also 
equalised the conditions in regards to the monetary value of goods received.  
Fruit and Vegetable Intervention (FVI) Condition  
Participants randomly assigned to the FVI condition were supplied with a package of 13 
servings of fruit and 13 servings of vegetables (one serving of each for every day of the 
intervention). Initially, participants received a mixture of 13 large carrots, 7 apples and 6 oranges, 
after which the oranges were replaced with 12 green kiwifruit (due to seasonal demands).  Serving 
sizes matched those used in the food measure (e.g., 1 serving = 2 kiwifruit).  Fruit and vegetables 
were selected based on quality, freshness, seasonal availability, and prevalence of vitamin C 
(oranges, kiwifruit) and carotenoids (carrots). They were given their FVI package in the nutrition 
clinic immediately after providing their baseline blood sample.  They were asked to consume one 
additional serving of fruit and one additional serving of vegetables (2 servings total) every day in 
addition to their normal consumption (~3 servings per day based on pre-screening).  Participants 




were instructed to refrigerate their produce to promote the retention of nutrients and to maximise 
consistency across this condition in regards to storage.  
Control Condition  
Immediately following the baseline blood sample, those assigned to the control condition 
were provided with a 14-piece packet of sugar-free chewing gum.  They were asked to consume 
one piece a day for the duration of the intervention. This was done to ensure that all conditions 
were engaging with a daily intervention task. To match for receiving goods, those in the control 
condition were made aware during the initial session that they would receive a $10 voucher for a 
local greengrocer at the end of the study.  Thus, all participants received $10 worth of goods or an 
equivalent voucher.    
6.1.6. Measures 
A list of measures (in order presented) is provided in Appendix 7 
Demographics and covariates 
During the initial session, demographic information was collected, including age and 
gender (male, female, other). Ethnicity was measured using NZ census categories (Māori, NZ 
European/ Pākehā, Pacific Islander, Asian, Indian, African-Caribbean, other European, and other). 
If ‘other’ was chosen, participants were able to elaborate using a free-text entry. The additional 
gender category ‘other’ was included to better capture an inclusive range of gender identities. 
Participants were also asked to identify their accommodation type using the following 
responses: ‘Residential College’, ‘flatting’, ‘parental home’, ‘in a home you own’, ‘boarding’, ‘in a 
studio’, and ‘other’. If ‘other’ was chosen, participants were able to elaborate using a free-text 
entry. Participants were also asked about their usual source of food/food preparation using the 
following responses: ‘I usually eat at my Residential College’, ‘I mainly buy food and cook as a flat 
or in a group’, ‘my parents mainly cook my food’, ‘I mainly purchase food and cook by myself’, 
and ‘other’.  If ‘other’ was chosen, participants were able to elaborate using a free-text entry. 





Year’ to ‘postgraduate PhD student’, as well as an option for non-students (‘not currently a 
student’)  
A number of health behaviours were measured at the follow-up survey to be included as 
potential covariates. Smoking status was assessed by asking how often participants smoked with 
five options: ‘I don’t smoke now’, ‘Less than once a month’, ‘At least once a month’, ‘At least once 
a week’, and ‘At least once a day’.  Participants who smoked at least once a week or once a day 
were coded as smokers (1); all others were coded as non-smokers (0).  Smoking status was tested 
as a covariate in the vitamin C analysis because smoking increases the metabolism of vitamin C 
(Wei, Kim, & Boudreau, 2001). Participants also indicated using a ‘YES/NO’ response whether 
they had used prescription anti-depressant or mood stabilising medication, other prescribed 
medication (e.g., short-term antibiotics), or any vitamin or mineral supplements over the past two 
weeks. If they answered ‘YES’ to vitamin or mineral supplements, they were then prompted to 
provide the frequency of supplementation ranging from ‘once during the two-week period’ to ‘two 
or more times per day’.  
Food measures  
As in Study 1, the food measures were modified from standard questions in the New 
Zealand Adult Nutrition Survey 2008/09 (ANS09/09; University of Otago and Ministry of Health, 
2011). In the daily diaries, participants were asked to indicate their number of daily servings of: 
 fruit (fresh, frozen, canned, or stewed, but excluding fruit juice and dried fruit; e.g., 1 
serving = 1 apple or 1 banana or 2 kiwifruit);  
 vegetables (fresh, frozen, or canned, not including juice or chips; e.g., 1 serving = 1 large 
carrot or ½ cup cooked vegetables or 1 cup of salad); and  
 “hot chips” (potato fries, wedges, or kumara chips usually from takeaway outlets; e.g., 1 
serving = 1 cup or 1 small/regular fast food serving or ½ scoop of takeaway hot chips);  
 sweets (“lollies”, chocolate, or other confectionary items; e.g., 1 serving = one regular 
sized chocolate bar).   




The items were presented in the same randomised order each time (fruit, hot chips, 
vegetables, and sweets). Some FV types were excluded to align with government policy that 
discouraged the consumption of energy-dense FV, such as fruit juice, dried fruit, and deep-fried 
starchy vegetables (Ministry of Health, 2015).  Examples of what constituted one serving size were 
provided (ANS09/09; University of Otago and Ministry of Health, 2011).  Participants were 
required to report how many servings of each food category they consumed that day (none, <1 
serving, 1 serving, 2 servings, 3 servings, 4 or more servings), which were recoded as 0, 0.5, 1, 2, 
3, and 4 for analysis.  Prior to analysis, each participant’s daily consumption of fruit and vegetables 
(excluding hot chips) was averaged across their total number of completed diaries for a measure of 
usual daily fruit intake and vegetable intake (in servings).  These two estimates were summed to 
create a combined variable of usual FVI per day. 
Psychological measures 
Psychological measures will be discussed in the Chapter 6: Part 2. 
Biomarkers and biometrics 
Fasting baseline blood samples (4 ml) were drawn by venepuncture at an on-campus clinic 
by a trained phlebotomist (both pre-and post-intervention). These fasting blood samples were kept 
on ice and kept in the dark, and centrifuged within 1 hour of collection (for processing protocol see 
Appendix 8).  Aliquots of plasma were stored at -80C until being shipped on dry ice to the Centre 
for Free Radical Research, University of Otago.  Plasma vitamin C was assessed by high-
performance liquid chromatography (HPLC) with electrochemical detection as described 
previously (Carr, Pullar, Moran, & Vissers, 2012).  Samples were treated with reducing agent to 
recover total vitamin C (Sato et al, 2010).  Total plasma carotenoids were assessed 
spectrophotometrically as described previously (Scott, 2001).  Data are presented as µmol/L of -
carotene equivalents. Four people were unable to provide a post-intervention blood sample; 
therefore, analyses with vitamin C and carotenoids reflected a sample size of n = 167. As per 
standard protocol, participants indicated whether they wanted their remaining samples disposed of 
using standard procedures, disposed of with an appropriate karakia (blessing), or returned to them. 
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During the baseline clinic visit, height and weight were also measured using standardised 
techniques (Lohman, Roche, & Martorell, 1988) to compute body mass index (BMI = kg/m
2
) to 
include as a covariate. Biometric procedures (height and weight) are also provided in Appendix 8.  
Additional measures 
After the RCT had been completed, it was decided that further information was required 
about the types of fruits and vegetables that had been consumed during the study for the two 
intervention groups.  A post-hoc follow-up survey was disseminated to participants in both of the 
intervention conditions approximately three months after the completion of the intervention.  They 
were provided with a checklist of fruits and vegetables, and were asked to indicate which they had 
eaten at least once during the study.  These included both vitamin C and carotenoid rich FV (e.g., 
kiwifruit, pumpkin), as well as FV that contain very little of these micronutrients (e.g., celery, 
cucumber).  Participants were questioned about their main method of consumption for both 
vegetables and fruit separately; including the options, “raw (in salads or as snacks)”, “boiled”, 
“roasted”, “fried”, and “mixed into other dishes (e.g., in pasta, casseroles). They were also asked 
about whether they adhered to the instructions of their specific condition (i.e., whether those in the 
FVI condition actually consume the provided produce; whether those in the EMI condition used 
their allocated voucher).  Those in the FVI condition were asked: “We gave you a package of fruits 
and vegetables to help you reach your 5+ a day. We want to know how much of this package you 
consumed, and how you tended to eat these foods. Try describing it in the box below - being as 
specific and honest as possible (For example: Did you eat none of it? Did you eat every single 
piece? Did you avoid the apples because you didn't like them?)”. Participants responded using a 
free-text entry that was then summarised qualitatively.  Those in the EMI condition were asked: 
“We gave you a $10 Veggie Boys voucher to help you in your challenge. Try and remember what 
you spent it on and describe it in the box below”, as well as, “What strategies did you use to 
succeed in this challenge? Try and be as specific as possible. (For example, did you dish yourself 
up more vegetables for dinner at the hall? Did you make salads for lunch? Did you take carrots as 




snacks?)”. Again, participants responded using a free-text entry and answers were summarised 
qualitatively.  
6.1.7. Statistical analysis 
The conditions varied in their ethnic composition, so ethnicity was included as a covariate 
in all analyses.  An analysis of covariance (ANCOVA) was used to test for condition differences in 
average daily FVI, controlling for ethnicity.  Condition (EMI, FVI, control) was the independent 
variable and average daily FVI was the dependent variable, with ethnicity (0 European; 1 Non-
European) as the covariate.  This ANCOVA was repeated for average fruit intake and vegetable 
intake separately.   
Similarly, an ANCOVA was used to test for condition differences in average daily FVI, 
controlling for typical FVI at baseline (i.e., FVI on Day 1). These analyses investigated whether 
there were any significant mean increases in FVI relative to baseline between the intervention 
conditions. Lastly, an ANCOVA was used to test for condition differences in post-intervention 
levels of biomarkers, controlling for ethnicity and baseline levels of biomarkers.  This process was 
repeated for plasma vitamin C and serum carotenoids separately. 
6.2. Results 
6.2.1. Participant characteristics  
Table 6.1 shows participant characteristics for the sample overall and for participants in the 
three conditions.  The conditions were balanced in terms of gender (p = .938), age (p = 0.291), and 
BMI of participants (p = .309).  However, the conditions varied in their ethnic composition with 
more non-European participants in the control condition (51%) than in the two intervention 
conditions (EMI: 29%; FVI: 28%) (χ
2
(2, N = 171) = 8.31, p = .016), thus, ethnicity was included as 
a covariate in the analyses.  As shown in Table 6.1, there were no significant baseline differences 
between conditions (i.e., prior to allocation) for supplement use (F(2,168) = 0.321, p = .726), any 
medication use (F(2,168) = 0.722, p = .487), regular smoking (χ
2
(2, N = 171) = 0.466, p = .792), or 
serum carotenoids (F(2,168) = 0.872, p = .420). There were, however, differences in baseline 
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vitamin C (F(2,168) = 3.131, p = .046) . Additionally, there were no differences for FVI at baseline 
(Day 1) (F(2,166) = 0.164, p = .849). Participants completed on average 12.6 out of 14 daily 
smartphone diaries (SD = 1.4; range 9 to 14); a high compliance rate of 90%.   
Table 6.1  
Participant Characteristics for the Sample Overall and by Condition 
 Total 
(n =   171) 
Control 
(n =   59) 
EMI 
(n =   55) 
FVI 
(n =   57) 
Sex (% female) 67 66 69 66 
Age (years)     
Mean (SD) 19.4 (1.45) 19.6 (1.5) 19.5 (1.4) 19.4 (1.5) 
Range 18-25 18-25 18-24 18-25 
Ethnicity (%)     
European 64 51 71 72 
Asian 18 20 15 18 
Māori/Pacific Islander 8 14 6 4 
Other or mixed 11 15 9 7 
% Supplement use 
a 
22.8 28.8 23.6 15.8 
% Regular smoker 
b
 7 8.5 7.3 5.3 
BMI (kg/m
2
)     
Mean (SD) 24.1 (3.9) 24.7 (4.5) 24.1 (3.8) 23.6 (3.9) 





    
Mean (SD) 2.53 (1.1) 2.5 (1.2) 2.6 (1.1) 2.5 (0.9) 
Note: FVI = Fruit and Vegetable Intervention condition; EMI = Ecological Momentary 
Intervention condition, FV = Fruit and vegetables, BMI = body mass index.  
a 
Percentage of participants who reported taking at least one supplement. 
b 
Regular smoker was defined someone who smokes at least once a week (n = 8) or once a day (n = 
4).  
c 
Baseline FVI reflects participants’ responses to the nutrition measures in the daily diary on Day 1.  
 
6.2.2. Dietary intake differences 
Figure 6.3 shows the patterns of average daily FVI averaged from the smartphone daily 
diaries for the three conditions.  Results from the ANCOVA analysis showed significant 
differences between conditions for all three dietary outcomes: FVI (F(2, 167) = 11.220, p < .001, 
partial η2 = .118), as well as separate fruit consumption (F(2, 167) = 8.616, p < .001, partial η2 = 
.094) and vegetable consumption (F(2, 167) = 5.137, p = .007, partial η2 = .058). Post-hoc 
comparisons using the Tukey HSD test revealed higher FVI servings for individuals in the EMI 
condition (M = 3.72, SE = 0.15, Range: 0.89 – 7.67; p < .001) and the FVI condition (M = 3.67, SE 




= 0.15, Range: 0.73 – 6.25; p < .001) compared to control (M = 2.81, SE = 0.15, Range: 0.39 – 
6.14), with no significant differences in FVI between the EMI and FVI conditions (p = .976).  
Identical patterns were found when analysing fruit and vegetable consumption separately (Figure 
6.3).   
Figure 6.4 shows these mean changes from baseline for each condition. Results from the 
second ANCOVA controlling for baseline FVI showed a significant effect of condition for average 
daily FVI when controlling for baseline FVI (F(2, 166) = 14.708, p < .001).  To assess the effect of 
intervention on change from baseline, three paired sample t-tests were conducted separately. Paired 
samples t-tests showed a significant increase from baseline fruit and vegetable intake for 
participants in the EMI condition (MΔ= +1.20 servings; t(53) = -8.894, p < .001, two-tailed) and 
the FVI condition (MΔ= +1.21 servings; t(56) = -8.144, p < .001, two-tailed), but not for the control 





Figure 6.3. Average daily combined fruit and vegetable intake, fruit intake, and vegetable intake by 
condition.  
Note: EMI = Ecological Momentary Intervention condition; FVI = Fruit and Vegetable 
Intervention condition). Numbers reflect the means adjusted for ethnicity in ANCOVA; error bars 
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Figure 6.4. Baseline versus daily average FVI across the conditions  
Note: EMI = Ecological Momentary Intervention condition; FVI = Fruit and Vegetable Intervention 
condition) * p < .05; ** p < .01; *** p < .001  
 
The two experimental conditions showed similar, but relatively modest increases – 
approximately +1 serving per day compared to the control condition, and approximately +1.2 
servings per day from their own baseline.  In terms of reaching nationally recommended intake 
levels (“5+ a Day”; Ministry of Health, 2015), 12.7% of participants in the EMI condition and 
10.5% of participants in the FVI condition reported an average of 5 or more servings per day, 
compared to just 1.7% of participants in the control condition (EMI vs. Control χ
2
(2, N = 171) = 
5.310, p = .021; FVI vs. Control χ
2
(2, N = 171) = 3.988, p = .046).  There were no differences 
between the proportion of individuals reaching recommended intake levels between the EMI and 
FVI conditions (χ
2
(2, N = 171) = 0.132, p = .716).  
There were no significant differences between conditions in their reports of the other foods 
measured (hot chips or sweets).  ANCOVA results showed no significant effect of condition for 
consumption of sweets (F(2, 167) = .360, p = .698, partial η2 = .004), or hot chips (F(2, 167) = 
.404, p = .668, partial η2 = .005).  The adjusted mean intakes were as follows: hot chips EMI = 
0.30(0.04); FVI = 0.36(0.04); Control = 0.34(0.04); sweets EMI = 0.93(0.10); FVI = 0.99(0.10); 
Control = 1.10(0.10). These patterns suggest that the intervention was specific to increasing FVI 





























The post-hoc online survey disseminated approximately three months after the intervention 
indicated no major differences between the types of FV eaten by participants in the EMI or FVI 
conditions, but there were differences in the way in which the FV were consumed.  Those in the 
FVI condition recalled eating the majority of their vegetables as salads or snacks, and therefore raw 
(72%), whereas the EMI condition participants reported cooking the majority of their vegetables 
and adding vegetables to their main meals (only 27% consumed raw) – and this difference was 
significant (t(58) = 4.012, p < .001, two-tailed). Those in the EMI condition also reported a wider 
range of cooking methods including: boiled (16%), roasted (13%), fried (13%), and mixed into 
other dishes (e.g., pasta, casseroles; 32%). This suggests that while both intervention conditions 
increased their FVI, they may have varied in the method of preparation and consumption of these 
foods.  The majority of those in the FVI condition reported eating “all” or “most” of the produce 
provided to them (82%), whereas a few respondents (18%) indicated that they did not finish the 
package as they grew sick of a particular type of fruit or vegetable. Of the respondents in the EMI 
condition, 83% reported using their greengrocer voucher as intended, whereas the remaining 17% 
reported using their voucher towards the end of the study, or not at all. This suggests similar 
compliance with intervention requirements.  
6.2.3. Biomarker changes 
Figure 6.5 shows the plasma vitamin C and carotenoid concentrations (-carotene 
equivalents) at baseline and follow-up for participants in the three conditions. Four participants 
could not provide a second blood sample, so analyses were completed with data from 167 
participants. Results showed a significant effect of condition for post-intervention plasma vitamin 
C (F(2, 162) = 3.128, p = .046), and a trend towards a condition effect for plasma -carotene 
equivalents (F(2, 162) = 2.401, p = .094). Three paired sample t-tests were conducted to explore 
the intervention conditions separately. Paired samples t-tests showed a significant increase in 
vitamin C for participants in the EMI condition (t(53) = -2.168, p = .035, two-tailed) but not the 
FVI condition (t(54) = 1.002, p = .321, two-tailed) or control condition (t(57) = 0.362, p = .719, 
two-tailed). However, it should also be noted that participants in the FVI condition had somewhat 




higher baseline vitamin C levels than participants in the EMI condition (t(110) = -1.719, p = .089, 
two-tailed) and control condition (t(114) = -2.509, p = .014, two-tailed), which might have made 
change more difficult. For the carotenoids, paired samples t-tests showed a trend increase in plasma 
carotenoids for participants in the FVI condition (t(54) = -1.994, p = .051, two-tailed), but no 
changes for participants in the EMI condition (t(53) =.079, p = .937, two-tailed) or control 
condition (t(57) =-.483, p = .631, two-tailed). Although not reaching significance levels, there were 
also baseline differences such that people in both the FVI and control conditions had slightly higher 






Figure 6.5. Baseline to follow-up changes in raw plasma vitamin C and total plasma carotenoids 
(and percent change) by condition (n =  167).  
Note: FVI = Fruit and Vegetable Intervention condition; EMI = Ecological Momentary Intervention 
condition. , † p < .010; * p < .05; ** p < .01; *** p < .001. Error bars reflect standard error.  
  
6.3. Discussion 
The results suggest that a text-messaging based ecological momentary intervention (EMI 


























































amongst low-FV-consuming young adults. This finding highlights the potential contribution of 
mobile intervention strategies in improving young adult FVI given relative advantages over 
traditional education strategies. These EMIs help remove the physical and temporal barriers 
involved with face-to-face dietary interventions, allowing automated service delivery to large 
populations in any location, at any time (Heron & Smyth, 2010). EMIs have the potential to be 
disseminated with greater ease and cost-effectiveness compared to more traditional interventions, 
making them a promising route for adjunctive health service delivery.  
The gains observed in both intervention conditions were relatively modest – an increase of 
approximately +1 FV serving per day compared to control. However, these gains are similar to 
increases of +0.1 to +1.4 servings that have been found in traditional, face-to-face education, or 
counselling interventions amongst adults in health care settings (Pomerleau et al., 2005), 
Additionally, since the publication of this work, Nour and colleagues (2016) completed a meta-
analysis of web and mobile-based interventions to increase FVI. They found that successful 
interventions still only reported increases of < 1 serving per day; whereas, the current intervention 
achieved just above this for both intervention conditions. The current findings, while modest, 
indicate that mobile-based interventions may be a feasible alternative to traditional interventions, 
and that this particular approach to increasing FVI in young adults may be a promising route of 
dietary change. 
When considering dietary change, there is little consensus in the literature to say what 
constitutes a ‘clinically significant’ increase in FVI. However, several studies suggest that an 
increase of 1 daily serving of vegetables is enough to reduce risk of cardiovascular disease and 
stroke mortality by 4% and 11% respectively (Wang et al., 2014), and two additional pieces of fruit 
per day is associated with a 32% reduced risk of stroke mortality (Hu, Huang, Wang, & Zhang, 
2014). Given these clinically significant physical benefits with as little as +1 servings per day, it 
would suggest that the present results may also be clinically meaningful in regards to change in 
mental health status (Wang et al., 2014). Furthermore, an additional +1 serving a day surmounts to 
an extra 365 servings per year.  This ‘small-changes’ approach has been implicated in tackling 
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large public health issues such as obesity, arguing that small daily changes are more feasible to 
maintain compared to sweeping, large-scale changes in lifestyle (Hill, 2008). It is considered that 
even small changes can improve bodily function, and this accumulative effect can have a major 
impact on health over a long period of time (Hill, 2008).  
Increases in biomarkers for the EMI and FVI conditions, but not for the control condition, 
helped to validate self-reported FVI in our study, suggesting that experimental participants were 
consuming more FV than control participants. However, the increases in plasma vitamin C and 
carotenoids were small and likely reflect the modest increase in intake of only one serving of FV 
per day. These small changes in vitamin C and carotenoids are unlikely to translate into 
biologically relevant changes in the body. It may be that a longer intervention and more control 
over the types of FV consumed may have produced stronger micronutrient changes over time. Carr 
et al. (2013) found that supplementation of two gold kiwifruit per day was sufficient to produce 
saturation levels of vitamin C (63 μmol/l) tested six weeks later; whereas supplementation with half 
a gold kiwifruit per day barely reached adequate levels (46 μmol/l). The levels of vitamin C 
achieved in the current study (< 45 μmol/l for the two experimental groups) were substantially 
lower than saturation and therefore, unlikely to result in physiological changes within the 
participants. While there were no differences in baseline FV consumption between conditions, the 
biomarker data was potentially confounded by the differences in baseline levels of biomarkers 
across the three groups, particularly the higher baseline level of vitamin C in the FVI condition and 
the lower baseline level of carotenoids in the EMI condition. Future research should stratify 
participants based on baseline biomarker levels to mitigate baseline differences in biomarker status.   
The significant increases in vitamin C for the EMI condition (but not the FVI condition) 
and trend increase in plasma carotenoids for the FVI condition (but not the EMI condition) may 
reflect variation in the types of FV consumed between these two conditions, and the chosen 
methods of food preparation. The trend increase in carotenoids for the FVI condition could reflect 
the participants eating the large carrot provided in the FV package every day. In contrast, the EMI 
group’s choices may have varied considerably, thereby masking any individual increases. The 




extent and bioavailability of various micronutrients may differ depending on cooking method 
(Chuah et al., 2008), and there are a number of additional factors (e.g., fat intake) potentially 
affecting micronutrient absorption (van het Hof, West, Westrate, & Hautvast, 2000; Woodside, 
Young, & McKinley, 2013). Many of these factors are beyond the scope of the current intervention 
but provide an interesting route of exploration for future research.  Additionally, daily diaries only 
provided data on total FV consumption, limiting our understanding of the types of FV participants 
consumed, and their potential effect on biomarkers. Although the post-hoc survey gathered 
additional information on the types of foods eaten, more rigorous dietary assessment procedures 
could be used in future research, measuring the types, preparation methods and amount of FV 
consumed.  
While the EMI was considered as successful as providing young adults with fruits and 
vegetables, there were some limitations of the text-messaging intervention. Some research suggests 
that the success of behavioural change messages depends on the level of baseline intention to 
change. For example, Godinho and colleagues (Godhino, Alvarez, Lima, & Lim, 2013; Godhino, 
Alvarez, Lima, & Lim, & Schwarzer, 2015) showed that those with a lower baseline behavioural 
intention benefited most from messages that targeted motivation aspects (risk assessment, outcome 
expectancies, self-efficacy), whereas those with an established intention to change benefited more 
from volitional based messages about action planning and overcoming barriers (Godhino et al., 
2013; 2015). Although the current EMI included messages with motivational and volitional 
components, it is unknown whether one type of message was more successful than another. While 
it is outside the scope of this thesis, it would have been useful to measure baseline intention and 
motivation to change, and whether this had a differential impact on EMI effectiveness. Given this 
sample’s status as ‘low-FV-consumers’, it could be assumed motivational messages would have 
been beneficial and, perhaps, volitional-based messages may have served most effective towards 
the end of the intervention (after a behavioural intention had been fostered). The number, 
frequency, length and content of text-messages, as well as EMI duration, could influence potential 
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FVI gains. However, this RCT was a proof of concept, suggesting preliminary evidence to suggest 
that an EMI approach is a feasible form of intervention to target this particular health behaviour.  
Other limitations of the trial included the relatively homogenous sample (largely NZ 
European educated females), the short duration of the RCT, and a lack of formal, long-term follow-
up.  These factors will be discussed further in latter chapters.  Additionally, in order to address the 
more concrete issue of cost, and to ensure equality across conditions, the EMI participants were 
provided with a $10 voucher to assist their ‘challenge’. While this is considered a strength in 
regards to facilitating behaviour change and equalising conditions, it means that the true 
effectiveness of the theoretical EMI is unclear. That is, it remains unknown whether similar gains 
in the EMI condition would have been found without financial assistance.  
This trial also had several strengths. Firstly, EMI impact was tested against FV 
supplementation, which attempted to mimic a structural intervention addressing FV accessibility 
and affordability barriers. Some researchers believe structural interventions are more effective than 
educational interventions alone (Gaines & Turner 2009; Stark et al., 2009). Secondly, attempts 
were made to improve the accuracy and reliability of traditional self-reported FV intakes, including 
daily tracking of dietary intakes and training to calculate total servings using standardised serving 
sizes. High compliance rates with the daily smartphone diaries allowed for insights into the dietary 
patterns of participants as it reduced reliance on memory recall and lowered the chance of 
participants using heuristics to estimate their intake. Finally, qualitative research allowed the 
development of effective intervention strategies by targeting barriers important to this specific 
population, and the incorporation of theory-driven intervention strategies ensured the greatest 
potential for dietary change.  
6.3.1. Conclusions 
Low FVI is a global problem with young adults being especially at risk of not reaching 
recommended daily servings. The need for successful and cost-effective interventions is essential 
to improve health and, possibly, mental health outcomes (Woodside et al., 2013). These results 
provide initial proof of concept that EMI text-messaging (plus minor financial assistance with 




vouchers) can be as successful as FV supplementation in increasing short-term FVI in low-FV-
consuming young adults. Moreover, this type of EMI intervention may have the potential to 
achieve similar results to FV supplementation/traditional face-to-face education with greater 
affordability and ease of dissemination; this should be formally investigated. These results 
highlight the potential of mobile technology-based intervention strategies for targeting health 
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As indicated in the previous section, participants in both intervention conditions reported 
significantly higher daily fruit and vegetable intake (FVI) compared to control participants 
(approximately +1 daily serving), as well as compared to their own baseline (approximately +1.2 
daily servings). Moreover, blood samples taken before and after the intervention showed that 
participants in the two experimental groups had small gains in vitamin C levels and plasma 
carotenoids, suggesting that the self-reported changes in FVI were legitimate, albeit modest. 
However, did these FV increases translate to changes in mental health? 
The current section presents the psychological outcomes of the same two-week randomised 
controlled trial (RCT). Pre-registered with the Australia and New Zealand Clinical Trial Registry 
(ANZCTRN12615000183583), the primary outcome measures spanned across the ill-being - well-
being continuum. Depressive symptoms and anxiety were measured pre- and post-intervention, and 
negative and positive affect, vitality, and flourishing were measured nightly through the 
smartphone daily diary. Additionally, three eudaimonic variables were included in the smartphone 
daily diary – self-reported curiosity, creativity, and motivation – which were grouped under the 
umbrella term of ‘eudaimonic behaviours’. As outlined in the literature, depression and anxiety 
have been extensively researched using observational designs but there is a need for more 
experimental research. Furthermore, vitality is consistently associated with FVI and is one of the 
most researched well-being measures in the experimental research (see Chapter 1), but is often 
investigated using whole-diet interventions, rather than FVI specifically. Study 1 showed higher 
levels of FVI were associated with greater curiosity and creativity in young adults (see Chapter 3), 
but research has not yet established whether this relationship is causal. The perception of daily 
motivation– unexplored by this thesis thus far– is a key correlate of vitality (Ryan & Deci, 2008), 
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and is directly related to facets of eudaimonia, such as personal growth, integrity, and a sense of 
purpose through reaching goals (Deci & Ryan, 2008). Therefore, daily FVI may also influence a 
sense of daily motivation and was considered worthwhile to explore.  
It was predicted that participants in the two experimental conditions (EMI and FVI) would 
show significant improvements in the psychological outcomes relative to participants in the control 
condition, and that the benefits of FVI would be stronger for the measures of well-being (positive 
affect, vitality, flourishing, eudaimonic behaviours) than the measures of ill-being (depressive 
symptoms, anxiety, negative affect). As highlighted in the conclusions of the literature review (see 
Chapter 1), previous research has linked FVI to lower levels ill-being such as reduced depression 
and anxiety; however, there appears to be consistent and promising evidence linking FVI to higher 
levels of well-being such as positive affect, happiness, and life satisfaction (Chapter 3, 
Blanchflower et al., 2012; Carr et al., 2013; Lengyel et al., 2009; Mujcic & Oswald, 2016; White et 
al., 2013).  
6.4. Method 
A list of measures (in order presented) is provided in Appendix 7 
6.4.1. Psychological measures 
In addition to the demographic, health behaviour, and daily nutrition measures outlined in 
Chapter 6: Part 1, several psychological variables were measured pre- and post-intervention, as 
well as measured daily using the smartphone daily diaries.  
Depressive symptoms 
Depressive symptoms were measured before and after the intervention using the 20-item 
Centre for Epidemiological Studies Depression Scale (CES-D; Radloff, 1977). Participants rated 
their depressive symptomology “in the past week” on a 4-point scale ranging from 0 (Rarely or 
none of the time, < 1 day) to 3 (Most or all of the time, 5 – 7 days). Responses were summed to 
give a total depressive symptom score ranging from 0 to 60 (pre α = 0.89; post α = 0.90). 





Anxiety symptoms were measured before and after the intervention using the 7-item 
anxiety sub-scale of the Hospital Anxiety and Depression Scale (HADS-A; Zigmond & Snaith, 
1983). Participants rated each item on how they “felt recently, including today” on a 4-point scale 
ranging from 0 (Not at all or Only occasionally) to 3 (Very often or Most of the time). Responses 
were summed to give a total anxiety score ranging from 0 to 21 (baseline α =0.77; follow up α 
=0.78).  
Negative and positive affect 
The daily diary included 3-item measures of negative affect (sad, anxious, angry) and 
positive affect (relaxed, happy, enthusiastic), which captured a range of activation states (Barrett & 
Russell, 1999). Participants rated each adjective on how they “felt today” on a 5-point Likert scale 
from 0 (Not at all) to 4 (Extremely). Responses were averaged across the three items each day for a 
measure of daily negative affect (NA) (α = 0.34) and daily positive affect (PA) (α = 0.42). The 
within-person reliabilities for the daily diary data were computed using procedures for nested data 
recommended by Nezlek (2012). Because of low reliability,
 
these items were analysed separately in 
supplementary analyses (see Appendix 9). 
Flourishing 
The daily diary included a shortened 3-item version of the 8-item Flourishing Scale that 
assesses feelings of engagement, purpose in life, and social-emotional connectedness, which 
previous research shows loads on a single “flourishing” factor (Diener et al., 2010). I selected the 
three highest loading items from Study 1 of this thesis and adapted the items for a daily format. The 
three items were: Today, I was engaged and interested in my daily activities. Today, I led a 
purposeful and meaningful life. Today, I was a good person and lived a good life. Participants rated 
each item on a 7-point Likert scale from 1 (Strongly disagree) to 4 (Neither agree nor disagree) to 7 
(Strongly agree). Responses were summed each day for a measure of daily flourishing ranging 




The daily diary included a modified version of the 4-item energy/fatigue scale of the Rand 
36-Item Short Form Survey (SF-36; Hays, Sherbourne, & Mazel, 1993; Ware & Sherbourne, 
1992). Participants were asked “today”: Did you feel full of life?
 
Did you have a lot of energy? Did 
you feel worn out? Did you feel tired?
. 
The first item was adapted from the original “full of pep” to 
“full of life” to better capture feelings of vitality and to connect with a young-adult population. 
Each item was rated on a 6-point scale from 0 (None of the time) to 100 (All of the time). 
Responses were coded from 0 to 100 in 20-point intervals following SF-36 guidelines (reverse-
scoring for items ‘worn out’ and ‘tired’), and summed within each day so that highest total score 
was 100, indicating higher vitality that day. The modified scale showed adequate within-person 
reliability (α = 0.70).   
Eudaimonic behaviours 
The daily diary included three items answered on a 5-point Likert scale from 0 (Not at all) 
to 4 (Extremely). The first item measured curiosity: How curious were you today? Did you seek out 
new things or experiences; look for opportunities to challenge yourself and grow as a person; or 
embrace the unfamiliar. This question was guided by the content of the Curiosity and Exploration 
Inventory II (Kashdan et al., 2009), an updated version of the measure used to assess curiosity in 
Study 1. The second item measured creative activity: How creative were you today? Did you come 
up with novel or original ideas; express yourself in an original and useful way; or spend time 
doing artistic activities like, music, painting, writing, etc. This question was based on scientific 
definitions of creativity (Hennessey & Amabile, 2010) and was identical to the wording used in 
Study 1. The third item measured perceived motivation: How motivated were you today? Did you 
work towards your goals, or feel driven today? This question was designed to capture a broad, 
conscious sense of motivation including working towards goals (Touré-Tillery & Fishbach, 2014). 
Responses to the three items were averaged each day for an index of daily eudaimonic behaviours 
(α = 0.28).
  
Because of low reliability, these items were also analysed separately in supplementary 
analyses (see Appendix 9).  




6.4.2. Mechanistic pathways 
Biomarkers 
The 4 ml fasting blood sample was taken after the intervention was used to test for 
potential mediating effects of Vitamin C and carotenoids on changes in psychological outcomes 
between groups. For full blood processing details see Chapter 6: Part 1. This was a  pre-registered 
measure.  
Psychological expectancies 
The follow-up survey also included questions about participants’ beliefs regarding the 
benefits and virtues of eating FV, as well as confectionary and fried foods as distractor items, and 
how participants thought eating these foods made them feel over the last two weeks. Analyses 
included three items related to FVI: Do you feel that eating fruits and vegetables is virtuous 
(righteous, good, moral)?; Do you feel better about yourself when you eat more fruits and 
vegetables?; and Did you feel that eating fruits and vegetables improved your mood during these 
two weeks? Each question was answered on a 5-point Likert scale from 0 (Very slightly/not at all) 
to 4 (Extremely). These expectancy items were not pre-registered, and were added one third of the 
way through data collection; therefore, analyses with these items reflected a sample size of 121.  
6.4.3. Additional covariates 
In addition to the demographic and nutrition covariates outlined previously, the daily diary 
included two health variables that have established links with well-being outcomes – daily physical 
activity and self-rated physical health – to be included as covariates. Participants were asked about 
daily physical activity, using the question: ‘How much time did you spend doing vigorous and 
moderate physical activities today?’.  Participants responded using a drop-down response to 
indicate how many minutes of daily exercise they had completed. Secondly, participants rated their 
daily perceived health, using the single-item question from the SF-36 (Hays, Sherbourne, & Mazel, 
1993; Ware & Sherbourne, 1992),: ‘Overall, how would you say your health is today?’. Participants 
answered on a 5-point Likert scale from 0 (Poor) to 4 (Excellent). As mentioned in Part 1, 
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participants reported any use of anti-depressant or mood stabilising medication, other prescribed 
medication (e.g., short-term antibiotics), or any vitamin or mineral supplements over the past two 
weeks.  
6.5. Results 
6.5.1. Participants characteristics 
 Table 6.2 presents the sample characteristics and the descriptive statistics for the 
psychological outcome variables. The depression and anxiety scores were within norms for this 
population (Dodd, Al-Nakeeb, Nevill, & Forshaw, 2010). Compliance with the smartphone daily 
diaries was high at 90% (12.6/14 diaries completed; range 9 to 14 diaries), and there were no 
differences between the control, EMI, and FVI conditions on smartphone daily diary compliance 
(F(2,168) = 0.91, p = .405), gender (χ
2
(2, N = 171) = 0.129, p = .938), age (F(2,168) = 1.24, p = 
.291), or BMI (F(2,168) = 1.18, p = .309).  However, as mentioned in the previous section, the 
conditions varied in ethnic composition (χ
2
(2, N = 171) = 8.31, p = .016) with more non-Europeans 
in the control condition (51%) than the two intervention conditions (EMI 29%; FVI 28%). 
Therefore, ethnicity was included as a covariate in the analyses. 
  




Table 6.2  
Sample Characteristics and Descriptive Statistics for the Psychological Outcome Variables  
 M SD Min Max 
N 171    
% Female 67.3    
% European 63.7    
Age 19.43 1.45 18 25 
BMI 24.13 3.89 15.62 39.65 
% Regular smoker 
a
 7.0    
Depressive symptoms (pre) 14.30 8.68 1.00 53.00 
Depressive symptoms (post) 13.03 8.73 1.00 39.00 
Anxiety (pre) 5.78 3.46 0.00 17.00 
Anxiety (post) 5.37 3.31 0.00 17.00 
Negative affect   0.77 0.46 0.00 2.18 
Positive affect 2.05 0.50 0.57 3.92 
Vitality  55.78 12.54 21.07 97.69 
Flourishing 14.43 2.73 7.17 21.00 
Eudaimonic behaviours 
b
 1.48 0.54 0.19 3.42 
Curiosity 1.40 0.66 0.00 3.69 
Creativity 1.13 0.67 0.00 3.82 
Motivation 1.91 0.58 0.50 3.62 
Note. These are the same participants as in the previous chapter. SD = standard deviation; BMI = 
body mass index. Descriptive statistics for the daily variables of negative affect to motivation were 
computed on aggregated variables.  
a 




Daily composite of curiosity, creativity, and motivation items. 
 
6.5.2. Pre- and post-intervention measures 
Table 6.3 presents the raw scores for depressive symptoms and anxiety for participants in 
each condition. There were no differences at baseline between the three groups (depressive 
symptoms, F(2,168) = 0.19, p = .830; anxiety, F(2,168) = 0.88, p = .419). Paired samples t-tests 
comparing baseline and follow-up scores showed significant reductions in depressive symptoms for 
participants in the control group and the FVI group. However, results of a 3 (x 2) mixed ANCOVA 
with condition as the between-subjects variable, time as the within-subjects variable, and ethnicity 
as the covariate showed only a main effect of time in predicting depressive symptoms (F(1, 167) = 
5.01, p = .027, Partial η
2
 = .029), no main effect of condition (F(2, 167) = 0.212, p = .809, Partial 
η
2
 = .003) and no time x condition interaction (F(2, 167) = 0.412, p = .663, Partial η
2
 = .005). 
Similar patterns were found for anxiety (time, F(1, 167) = 3.49, p = .063, Partial η
2
 = .020; 
condition, F(2, 167) = 1.33, p = .268, Partial η
2





 = .002). Thus, the interventions did not reduce depressive symptoms or anxiety relative to 
control.  
Table 6.3.  
Changes in Depressive Symptoms and Anxiety from Baseline (Pre-Intervention) to Follow-up 
(Post-Intervention) for the Three Intervention Conditions, Unadjusted for Ethnicity 
  Baseline Follow-up     
 n M (SD) M (SD) Diff 95% CI diff % change t 
Depression       
Control 59 14.44 (9.82) 12.78 (10.07) 1.66 (0.09, 3.24) -11.5% 2.112* 
EMI 55 13.73 (9.01) 13.07 (8.37) 0.66 (-1.57, 2.87) -4.8% 0.591 
FVI 57 14.70 (7.06) 13.25 (7.65) 1.46 (0.06, 2.85) -9.9% 2.096* 
Anxiety        
Control 59 5.68 (3.66) 5.44 (3.54) 0.24 (-0.35, 0.83) -11.5% 0.806 
EMI 55 5.40 (3.17) 4.80 (3.02) 0.60 (-0.27, 1.47) -4.8% 1.388 
FVI 57 6.25 (3.50) 5.84 (3.29) 0.40 (-0.42, 1.23) -9.9% 0.976 
Note. FVI = Fruit and Vegetable Intervention condition; EMI = Ecological Momentary Intervention 
condition, M = mean; SD = standard deviation; Diff = point difference between baseline and 
follow-up group means. CI = Confidence Interval in the point difference between baseline and 
follow-up group means. * p < .05 
 
6.5.3. Daily diary measures 
The daily diary data were analysed using the Hierarchical Linear Modelling program to 
account for dependency among nested data (HLM v.6.08; Raudenbush et al., 2009). A growth 
curve modelling approach was adopted to assess whether participants in the experimental 
conditions reported greater improvements in mental health over time compared to participants in 
the control condition. Growth curves were modelled for each participant for each outcome, as 
follows (using negative affect as an example):  
Level 1:  Negative affect = B0 + B1 Time + r 
Level 2:  B0 = G00 + G01 ConditionD1 + G02 ConditionD2 + G03 Eth + u0 
  B1 = G10 + G11 ConditionD1 + G12 ConditionD2 + u1 
This set of equations determined each person’s negative affect at baseline (B0), how 
negative affect changed over time for each participant (B1), and how these changes varied by 
experimental condition (G11; G12). Time was recoded so that 0 was day 1. G11 tested change in the 
EMI condition against the change in the control condition (using Condition Dummy 1; control = 0; 




EMI = 1; FVI = 0). G12 tested change in the FVI condition against change in the control condition 
(using Condition Dummy 2; control = 0; EMI = 0; FVI = 1). Significant G11 or G12 coefficients 
indicated group differences in change over time (i.e., significant intervention effects).  An 
additional set of dummy codes were tested to compare the EMI and FVI groups in subsequent 
analyses. Ethnicity (0 = European; 1 = non-European) was entered as a covariate in the Level-2 
intercept equation. Ethnicity was also entered as a covariate in the Level-2 slope equation but was 
not significant, did not affect results, and was removed from final models for simplicity.  Growth 
curve modelling was completed for all daily mental health outcomes.  
Table 6.4 presents the growth curve results with significant intervention effects bolded. 
Figures 6.6 – 6.11 present the growth curve plots for PA, NA, flourishing, vitality, and eudaimonic 
behaviours. There were no improvements in PA (Figure 6.6) or NA (Figure 6.7) as a function of 
experimental condition. This means that there were no improvements in positive affect as a 
function of condition, nor were there buffering effects against negative affect by condition. 
Supplementary analyses showed similar null effects when analysing the affect items separately (see 
Appendix 9) with an exception: happy showed significant group differences in change over time. 
Happiness was stable over time for participants in the FVI condition (B(SE)= -0.001(0.006), p = 
.845) but decreased for participants in the EMI and control conditions (EMI B(SE) = -0.034(0.010), 
p = 0.001; control B(SE)= -0.012(0.008), p = .018). The slopes were significantly different only 




Figure 6.6. Changes in positive affect for the control, ecological momentary intervention (EMI), 
and fruit and vegetable intervention (FVI) conditions. Significant simple slopes are indicated. 
 
 
Figure 6.7. Changes in negative affect (NA) for the control, ecological momentary intervention 




































































Note. Significant intervention effects are bolded. Coef = coefficient from Hierarchical Linear Modelling; SE 
= Robust standard error; diff = difference in coefficient; Δ = change. Degrees of freedom were 167 for G00 – 
G03 and 168 for G10 – G12.   
 
Table 6.4.  
Results from Growth Curve Modelling Testing for Changes in the Daily Outcomes across the Two-
week Intervention Period and Differences between Conditions.  
Outcome           
Negative Affect G Coef SE p  Coef SE p 
Control Day 1 G00 0.744  0.068 < 0.001     
EMI Day 1 diff  G01 -0.068 0.095 0.471     
FVI Day 1 diff G02 0.049 0.093 0.601     
Ethnicity G03 -0.024 0.079 0.758     
Control Change (Δ) G10 0.011 0.006 0.085     
EMI Change diff G11 -0.001 0.010 0.897 EMI Δ  0.009 0.007 0.204 
FVI Change diff G12 -0.012 0.008 0.136 FVI Δ diff -0.011 0.009 0.897 
Positive Affect G Coef SE p     
Control Day 1 G00 2.137 0.092 < 0.001     
EMI Day 1 diff G01 0.194 0.122 0.115     
FVI Day 1 diff G02 0.006 0.103 0.955     
Ethnicity G03 -0.140 0.084 0.098     
Control Change G10 -0.014 0.008 0.072     
EMI Change diff G11 -0.013 0.012 0.261 EMI Δ -0.027 0.008 0.001 
FVI Change diff G12 0.006 0.009 0.529 FVI Δ diff 0.019 0.011 0.076 
Vitality G Coef SE p     
Control Day 1 G00 58.639 2.443 < 0.001     
EMI Day 1 diff G01 -0.701 2.915 0.810     
FVI Day 1 diff G02 -6.778 2.976 0.024     
Ethnicity G03 -0.510 2.140 0.812     
Control Change G10 -0.336 0.204 0.101     
EMI Change diff G11 0.144 0.277 0.603 EMI Δ -0.192 0.187 0.307 
FVI Change diff G12 0.791 0.284 0.006 FVI Δ diff  0.647 0.027 0.019 
Flourishing G Coef SE p     
Control Day 1 G00 14.505 0.509 < 0.001     
EMI Day 1 diff  G01 0.440 0.588 0.455     
FVI Day 1 diff G02 -0.630 0.611 0.305     
Ethnicity G03 -0.200 0.470 0.671     
Control Change G10 -0.031 0.027 0.242     
EMI Change diff G11 -0.007 0.041 0.864 EMI Δ -0.038 0.031 0.205 
FVI Change diff G12 0.128 0.042 0.003 FVI Δ diff  0.135  0.045   0.004 
Flourishing Beh. G Coef SE p     
Control Day 1 G00 1.548 0.100 < 0.001     
EMI Day 1 diff G01 -0.079 0.111 0.476     
FVI Day 1 diff G02 -0.110 0.117 0.350     
Ethnicity G03 0.044 0.096 0.647     
Control Change G10 -0.012 0.006 0.038     
EMI Change diff G11 0.003 0.008 0.756 EMI Δ -0.009 0.006 0.093 
FVI Change diff G12 0.025 0.009 0.006 FVI Δ diff  0.022  0.009  0.011 
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There were, however, improvements in eudaimonic well-being as a function of 
experimental condition. Participants in the FVI condition reported significant growth in flourishing, 
vitality, and eudaimonic behaviours compared to participants in the EMI and control conditions.  
Group differences were most apparent for the measure of flourishing. As shown in Figure 
6.8, participants in the FVI condition reported significantly greater increases in flourishing 
compared to participants in the control and EMI conditions. Analysis of the simple slopes showed 
that participants in the FVI condition reported significant growth in flourishing over time (FV 
B(SE)= 0.010(0.033), p = .004) whereas participants in the EMI and control conditions were 
unchanged over time (EMI B(SE)= -0.038(0.031), p = .215; control B(SE)= -0.031(0.027), p = 
.242). 
 
Figure 6.8. Changes in flourishing for the control, ecological momentary intervention (EMI), and 
fruit and vegetable intervention (FVI) conditions. Significant simple slopes are indicated.  
 
As shown in Figure 6.9, participants in the FVI condition reported lower starting vitality 
than the other groups, but their rate of improvement was greater compared to both the EMI and 
control conditions. Analysis of simple slopes showed that participants in the FVI condition reported 






























EMI and control conditions were unchanged over time (EMI B(SE)= -0.192(0.187), p = .307; 
control B(SE)= -0.336(0.204), p = .101). 
 
Figure 6.9. Changes in vitality for the control, ecological momentary intervention (EMI), and fruit 
and vegetable intervention (FVI) conditions. Significant simple slopes are indicated.  
 
Figure 6.10. Changes in eudaimonic behaviours (creativity, curiosity, motivation) for the control, 
ecological momentary intervention (EMI), and fruit and vegetable intervention (FVI) conditions. 































































Shown in Figure 6.10, participants in the FVI condition also reported significantly greater 
growth in eudaimonic behaviours compared to participants in the EMI and control conditions. 
Analysis of simple slopes revealed a trend growth in eudaimonic behaviours for participants in the 
FVI condition (FV B(SE)= 0.013(0.007), p = .053), a trend decrease for participants in the EMI 
condition (B(SE)= -0.009(0.006), p = .093), and a significant decrease for participants in the control 
condition (B(SE)= -0.012(0.006), p = .038). When the three eudaimonic behaviours were analysed 
separately, all three showed similar patterns, but the strongest effects were found for motivation 
(see Figure 6.11 and Appendix 9).  
Figure 6.11 presents the growth patterns for motivation showing that participants in the 
FVI condition reported significantly increasing motivation over time (B(SE)= 0.019(0.010), p = 
.045), whereas participants in the control and EMI conditions were unchanged over time (control 
B(SE) = -0.011(0.008), p = .218; EMI B(SE)= -0.005(0.011), p = .652).  
 
Figure 6.11. Changes in motivation for the control, ecological momentary intervention (EMI), and 
fruit and vegetable intervention (FVI) conditions. Significant simple slopes are indicated.  
 
In terms of effect sizes, being assigned to the FVI condition (vs. control) predicted 8.7% of 
the variance in growth in vitality, 10.5% of the growth in flourishing, and 18.4% of the growth in 


































(Raudenbush, & Bryk, 2002). Additional analyses testing for non-linear change over time using 
time and time squared as level-1 predictors found no evidence for curvilinear changes over time or 
moderation of curvilinear changes by intervention group. Thus, changes in well-being as a function 
of the intervention were strictly linear.   
Including daily physical activity or daily self-rated health as level 1 predictors did not 
change the significant effects for the primary variables. Gender and gender by condition dummy 
interaction terms (CondD1xG, CondD2xG) included as level-2 predictors (uncentered) did not 
explain the significant effects for flourishing or vitality, but there was a significant Condition x 
Time x Gender interaction for PA, whereby there was a significant decrease in PA for males in the 
control condition and females in the EMI condition, but no overall differences by condition. 
Collectively, this suggests that improvements to well-being were not explained by these covariates, 
and the primary outcomes that showed significant effects were unaffected by gender. 
6.5.4. Mediation analyses for mechanisms 
Lastly, none of these changes in well-being were mediated by post-test vitamin C, post-test 
carotenoid levels, or psychological expectancies. My supervisor and I tested mediation together 
following procedures for testing mediation with a multi-categorical independent variable (Hayes, & 
Preacher, 2014). We added each mediator as a separate Level-2 predictor (grand-mean centred) 
plus the two condition dummy codes (ConditionD1 and ConditionD2) to predict both the intercepts 
(B0s) and time slopes (B1s) for flourishing, vitality, and eudaimonic behaviours (with ethnicity as a 
covariate in the intercept equation, as before). Five mediators were tested separately: post-test 
vitamin C levels, post-test carotenoid levels, expectancy 1 (eating FV is virtuous), expectancy 2 (I 
feel better about myself when eating more FV), and expectancy 3 (eating FV improved my mood). 
None of the condition coefficients G11 or G12 changed when entering vitamin C, carotenoids, or the 
three psychological expectancy questions into the model. The fact that the total effects (c) were 
nearly equivalent to the direct effects (c’) when partialling out each indirect mediational pathway 




Providing young adults with fruits and vegetables (FV) to eat, but not reminding them to 
eat their FV (and providing a voucher), improved several aspects of mental well-being over a two-
week period. Despite both intervention groups reporting modestly higher and similar consumption 
of FV relative to control (3.7 vs. 2.8 daily servings), only young adults who were given two weeks’ 
worth of FV showed improvements in their feelings of vitality, flourishing, and motivation. The 
experimental design of this study suggests that this relationship is causal and the short duration of 
the intervention indicated that FVI translated into improved well-being relatively rapidly in day-to-
day life. 
The intervention effects were prominent across measures of well-being but not ill-being 
such as depression, anxiety, or negative affect. This is an interesting pattern that supports some of 
the observational and prospective research linking FV to greater well-being (Blanchflower et al., 
2012; Mujcic & Oswald, 2016), and a tendency for more consistent findings to be held for mental 
well-being outcomes, compared to mental ill-being (such as my own findings in Chapter 3). It is 
also possible that this pattern might reflect differences in the timescale of effects.  The majority of 
research linking depression to dietary patterns has been longitudinal, meaning that possible 
differences in ill-being may be established over a much longer period of time rather than the brief 
two-week period seen here. The accumulation of factors such as low vitality, reduced motivation, 
and poorer socio-emotional flourishing may precipitate the development of psychological ill-being 
over time (Keyes, 2007). In saying this, Smith and Rogers (2014) did find a difference in self–
reported anxiety using the same measure (HADS-A) over a 10-day period with snacking on one 
piece of fruit each day compared to snacking on chocolate. However, their participants had higher 
average baseline anxiety (approximately +1.5 points), and generally intervention studies with 
positive outcomes tend to have participants with higher baselines of illness (Pomerleau et al., 
2005), which may explain the discrepancy in these findings. 
The lack of psychological improvement among the EMI participants is challenging to 
interpret. Both the EMI and FVI groups reported higher and equivalent consumption of FV 




compared to control, but the EMI group did not show any corresponding psychological benefit.  
Both intervention conditions were given roughly the same amount of monetary goods at the start of 
the study – a $10 voucher for the EMI condition versus a little more than $10 worth of fruit and 
vegetables for the FVI condition. One possibility is that this difference might be due to lower 
control over the type, quality, and preparation of fruit and vegetables eaten by the EMI group. 
Those in the EMI group were free to choose whatever fruit and vegetables they liked, and as 
outlined in Part 1, the post-hoc follow-up survey found that they were more likely to eat cooked 
vegetables in casseroles or mixed into their main meals. By contrast, the FVI group were provided 
with carefully selected, high quality and seasonal produce, which was mostly eaten raw (including 
the carrots, eaten as snacks). Some researchers have shown that more optimal psychological 
outcomes are associated with the consumption of fresh fruit and raw vegetables/ salads, but not 
cooked vegetables (Appleton et al., 2007; El Ansari et al., 2014). Given that the some studies have 
found differences between the effects of fruits versus vegetables on mental health, it could be that 
the micronutrients provided by raw versus cooked FV may also result in differential effects on 
well-being.  
Alternatively, it is also possible that regular text-reminders (twice daily for two weeks) 
might have annoyed participants in the EMI condition and wiped out any gains in well-being. 
However, previous experience using text-messaging studies suggests that participant burden is 
relatively low with receiving only two text messages per day. Furthermore, informal feedback from 
the EMI participants was mostly positive; participants reported that the messages were not 
particularly intrusive and were effective at making them more aware about what they ate (Brookie 
et al., 2017). Alternatively, it could be that giving FV to participants triggered more intrinsic rather 
than extrinsic regulation of behaviour. A previous study found that households given boxes of free 
FV reported a largely internal source of motivation to consume the FV they had been given, in 
order to avoid wastage (Carty, Mainvil, & Conveney, 2016). Given that intrinsic goals tend to be 
more motivating and rewarding (Kasser & Ryan, 2001), this could potentially explain the 
psychological improvement in the FVI condition who were provided with FV.  While intrinsic 
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motivation is related to well-being, it is unlikely to fully explain the significant mental well-being 
changes in the FVI condition, but not the EMI condition. 
The significant changes in well-being occurred despite relatively small changes in FVI. In 
fact, participants in the FVI condition still fell short of the “5+ a day” target (Ministry of Health, 
2015), let alone the optimal 7 - 9 daily servings that has been associated with long-term health 
(Oyebode, Gordon-Dseagu, Walker, & Mindell, 2014). Psychological improvements could have 
been larger had participants in the experimental conditions eaten even more FV (or higher quality 
FV) or had they achieved saturation levels of vitamin C and carotenoids. As reported in Chapter 6: 
Part 1, the micronutrient increases in vitamin C and carotenoids were modest for the intervention 
conditions and well-below saturation levels, suggesting that there was still room for improvement. 
In future research, it would be important to increase consumption more than what was achieved 
here.  
Neither vitamin C and carotenoids nor psychological expectancies mediated the 
psychological benefits of FVI in this study. This was despite choosing the two most responsive 
micronutrient biomarkers of FVI (Baldrick et al., 2011) and measuring a range of psychological 
expectancies. The literature on micronutrient status and mental health suggests that single nutrients 
are unlikely to play a large role in the protection against mental illness (Rucklidge, Johnstone, & 
Kaplan, 2013). Instead, better mental health may arise from the cumulative effects of a broad 
spectrum of vitamins, minerals, and antioxidants (Rucklidge & Kaplan, 2013).  Furthermore, while 
a number of expectancies were assessed, the inclusion of these expectancies is novel and therefore 
non-validated. Suggestions for future research regarding mechanistic hypotheses are provided in 
the General Discussion.  
6.6.1. Strengths and weaknesses 
Strengths of the study included the three-arm randomized design that compared two 
experimental conditions to a diet-as-usual control condition; use of a smartphone daily diary to 
track mood and well-being in near-to-real time which provided a more accurate assessment than 
retrospective self-report; high compliance with the smartphone diary; and, inclusion of blood 




samples as an objective marker of FVI. Furthermore, substantive efforts were made to equalise 
various factors across the three conditions. All three groups engaged in a daily intervention task, 
completed intense dietary and psychological monitoring, and were provided with equal financial 
incentive. Each condition was balanced for equivalent value of received goods (either produce or 
voucher); as such, the lack of improvement in the control condition suggests that well-being gains 
were not due to simple monetary incentive. Furthermore, there were no differences between 
participants recruited through psychology (remunerated with course credits) compared to those 
recruited through the student employment agency (remunerated with a small cash payment),  
providing further evidence that well-being gains were unrelated to monetary gains.  
Limitations included issues with measurement reliability for some of the diary measures 
(especially the three item PA and NA measures), which was a consequence of efforts to keep the 
daily diary short. This could explain why intervention effects did not influence positive or negative 
affect. Future research should include a more extensive measure of affect, such as the 9-item 
measure of positive affect previously found to be associated with FV, as in the correlational study 
outlined in Chapter 3. As mentioned previously, the intervention sample was predominantly 
educated, mostly European, female participants and only one-third of this sample was male. It will 
be important to test these types of interventions including more male participants and 
socioeconomically disadvantaged groups that are considered difficult to reach for preventative 
health services. Another limitation is the lack of a longer-term follow-up. With no follow up after 
the 14 days, it is unknown whether participants in the EMI or FVI conditions continued to show 
higher FVI in the long term. In this regard, this approach was more of a ‘light touch’ intervention to 
evoke near-term behavioural change.  For this reason, these results are considered preliminary, 
offering proof of concept that small changes to FVI over a short time period may confer changes in 
well-being.  
Importantly, more research needs to be conducted to better understand why people in the 
EMI condition did not show improvements in well-being. It is possible that the EMI would have 
been more effective at increasing well-being if participants were instructed to choose certain types 
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of nutrient-dense produce and to consume this produce in a way that maintains maximum nutrient 
content (i.e., not from cans, etc.). This hypothesis triggered a further and final study investigating 
the differential associations between raw versus cooked/processed/canned FVI and mental health.  
6.6.2. Conclusions 
 Providing young adults with high-quality FV, not texting them and giving them a voucher 
to eat more FV, resulted in improvements to their mental well-being over a two-week period. This 
was the first study to show that providing high-quality FV to young adults can result in short-term 
improvements in flourishing and vitality, as well as behavioural improvements in motivation, 
curiosity, and creativity. Findings provide initial validation of a causal link between FVI and well-
being, suggesting that large-scale intervention studies are warranted. While this study provides 
further evidence for the link between FVI and well-being, the differences in psychological 
improvements between the EMI and FVI conditions suggest that the quantity of FVI may not be the 
only relevant factor in improving well-being. It may be that the quality, type of FV, or method of 
consumption (i.e., raw versus cooked) may also play a critical role in translating FVI into 
psychological improvements. 
  












CHAPTER 7: A Follow-up Study
11
 
The differential role of raw versus cooked or canned fruits and vegetables in optimal mental 
health 
Literature outlined in Chapter 1, as well as the subsequent studies outlined in this thesis, have 
linked fruit and vegetable intake (FVI) to various aspects of improved mental health. However, it is 
not clear whether the ways that fruits and vegetables are prepared and consumed – that is, whether 
they are eaten raw, cooked, or from cans – might have distinctly different effects on mental health. 
In the previous randomised controlled trial (RCT), those in the FVI condition showed significant 
improvements in their well-being compared to the two other groups, and they also reported eating 
most of their produce raw. This could suggest that the intake of raw FV plays a stronger role in 
well-being compared to the consumption of cooked or prepared forms of FVI, but more research is 
needed. The discrepancies in mental well-being outcomes between the EMI and FVI conditions 
served as the rationale for the final study of the thesis. 
There is some evidence of differential associations with mental health depending on 
whether fruits and vegetables (FV) are consumed raw or cooked. The literature highlights three 
correlational studies that measured raw and cooked FVI separately and reported their associations 
with mental health; all three found that raw FVI was the stronger predictor of some (but not all) 
mental health outcomes compared to cooked FVI (Appleton et al., 2007; El Ansari et al., 2014; 
Mikolajczyk et al., 2009). In one study of 10,602 men living in France and Ireland, higher intakes 
of raw fruits and vegetables were significant predictors of less depressive mood (b = -0.10 and b = - 
0.13 respectively), while cooked vegetables were not (b = -0.02) (Appleton et al., 2007). In another 
a study of 3,706 undergraduate students across the United Kingdom, only consumption of 
salads/raw vegetables was associated with lower stress in men (El Ansari et al., 2014).  Finally, in a 
study of 1,800 European students, there was a stronger inverse relationship between the 
                                                 
11
 This chapter is adapted from Brookie, K. L., Best, G. & Conner, T. S. (2018). Intake of raw 
fruits and vegetables is associated with better mental health than intake of processed fruits and 
vegetables. Frontiers in Psychology: Eating Behavior, 9, 487. doi: 10.3389/fpsyg.2018.00487 
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consumption of salad and stress (b = -1.121) than that of cooked vegetables and stress (b = -0.82) in 
women; however, there were no differences between salads versus cooked vegetables in regards to 
depressive symptoms (b = -1.69 vs. b = - 1.69, both significant) (Mikolajczyk et al., 2009). 
There are biologically plausible explanations for why there may be differential effects of 
raw versus cooked/processed/canned FVI.  Cooking or processing fruits and vegetables may alter 
the bioavailability of nutrients, which have been hypothesized to play an influential role in the 
neurotransmission systems involved in mood and well-being (Kaplan et al., 2007). Water-soluble 
nutrients such as vitamin C and B vitamins are particularly vulnerable to heat degradation (Lee & 
Kader, 2000; Nicoli, Anese, & Parpinell, 1999; Rickman, Barrett, & Bruhn, 2007a; Rickman, 
Barrett, & Bruhn, 2007b), which means that cooking would reduce the amount of mental health-
conferring micronutrients from foods like spinach, peppers/capsicum, and green beans.  Some 
evidence also suggests that cooking can reduce the quantity and activity of antioxidants (Nicoli et 
al., 1999; Zhang & Hamauzu, 2004), which is considered another mechanism linking FVI to mental 
health (Kaplan et al., 2007). However, cooking can actually enhance the bioavailability and activity 
of some antioxidants (Dewanto, Wu, Adom, & Liu, 2002; Miglio, Chiavaro, Visconti, & Pellegrini, 
2008; Turkmen, Sari, & Velioglu, 2005).  Further, fat-soluble nutrients such as vitamins A, D, E 
and K are less susceptible to damage by heat and processing than water-soluble nutrients, thus 
limiting the deleterious effects of cooking on nutrient profiles (Rickman et al., 2007b; Yuan, Sun, 
Yuan, & Wang, 2009). The effects of cooking on nutrient profiles may also differ between types of 
fruits and vegetables; for example, cooking tomatoes enhances the bioavailability of nutrients such 
as lycopene and antioxidants, whereas cooking broccoli loses many of its vital nutrients (Dewanto 
et al., 2002; Yuan et al., 2009).  Further, eating canned FV may also confer a nutrient profile 
similar to cooked FVI.  Evidence has shown that longer storage times for canned fruits and 
vegetables can reduce the bioavailability of nutrients (Rickman et al., 2007a). Other forms of 
processing like freezing may not be as deleterious on nutrient content (Asami, Hong, Barrett, & 
Mitchell, 2003; Hebrero, Santos-Buelga, & Garcia-Moreno, 1988), but may depend on how people 
consume the frozen produce; for example, frozen berries consumed in smoothies might retain their 




nutrient density, whereas frozen vegetables, which typically require thawing and cooking, might 
have reduced nutrient content.  
Overall, the nutritional evidence regarding cooking, canning, freezing, and nutrient loss in 
fruits and vegetables is nuanced. Yet, key micronutrients that have been linked to mental health 
such as vitamin C (Carr et al., 2013; Boehm et al., 2013), cooking and canning would most likely 
lead to a degradation, thereby limiting their beneficial impact on mental health. The differential 
effects of raw versus cooked FVI on mental health could help to explain the results of the previous 
RCT findings. As such, the following correlational follow-up study was conducted in a young adult 
population to investigate the differential role of raw versus cooked/canned/frozen  FVI on mental 
health measures of interest.  
7.1. The current study 
The aim of the current cross-sectional survey of over 400 young adults was to investigate 
whether raw FVI is more strongly associated with a range of mental health outcomes than 
cooked/processed FVI. An observational survey was designed, whereby, young adults were asked 
about their typical weekly consumption of certain food groups, contrasting the intake of raw FVI 
with a group of more processed forms of these foods (cooked, frozen, canned, or tinned).  This 
investigated the comparative benefits of FV in an unmodified state (raw), compared to FV that has 
undergone a level of processing that may cause changes to the nutrient quality and quantity.  
This large cross-sectional design allowed for a more tightly controlled study and the 
inclusion of a wide range of covariates. As outlined in Chapter 1, comprehensive control variables 
are important to truly understand the relationship between FVI and mental health. This study 
incoportated similar covariates to Study 1 and Study 2, including: gender, age, ethnicity, socio-
economic status (SES), body mass index (BMI), recruitment status, unhealthy foods, physical 
activity, medication use, and smoking. However, continual research allowed the identification of 
additional covariates, including: alcohol consumption, presence of health condition (e.g., 
cardiovascular disease), food allergies, vegetarian status, food preparation by parents, as well as 
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sleep quantity and quality. This capstone study allowed me to reflect on the limitations of previous 
work, including my own, and incoporate a wider range of control variables.  
Given the relatively homogenous samples used in the previous studies, it was considered 
that a more diverse sample of young adults should be recruited. As such, approximately 75% of the 
participants were recruited through Amazon’s Mechanical Turk (MTURK), an online 
crowdsourcing marketplace that allows researchers to source large groups of people to complete 
online surveys in exchange for payment. The use of MTURK provided access to a more diverse 
range of young adults living in the United States, rather than relying on more traditional 
recruitment strategies (e.g., fliers, local advertising) that has resulted in relatively restricted samples 
(in the case of this thesis, highly educated, predominantly female students at the University of 
Otago).  
In the current study, eight aspects of mental health were measured using self-report to 
capture both negative and positive aspects of the illness-wellness continuum: depressive symptoms, 
anxiety symptoms, negative affect, positive affect, vitality, flourishing, curiosity, and creativity. 
This provided insight into the ways in which raw versus cooked/processed/canned FVI may affect 
mental ill-being, hedonic well-being, and eudaimonic well-being. It was hypothesised that stronger 
associations would exist between raw FVI and mental health measures than cooked/processed FVI, 
and that these associations for raw FVI and mental health measures would remain significant when 
controlling for the covariates. It was also hypothesised that there would be stronger relationships 
between raw FVI and the presence of mental well-being rather than absence of mental ill-being, 
given the patterns in recent literature and the results of this thesis thus far. Overall, evidence of a 
stronger association between raw FVI and well-being (vs. cooked/processed FVI and well-being 
outcomes) could have implications for public health policy recommendations to consume more 
fruits and vegetables in their raw and unprocessed forms.   






This study was approved by the University of Otago Human Ethics Committee 
(#D17/158). The participants were 422 young adults between 18 and 25 years old, recruited either 
as part of the experimental participation programme at the Department of Psychology at the 
University of Otago (n = 105), or through Amazon’s Mechanical Turk (MTURK, n = 317). 
Participants needed to be 18 to 25 years old, and MTURK participants were required to be living in 
the United States.  
7.2.2. Procedure 
All participants were provided with an electronic information sheet about the survey 
(broadly advertised as a questionnaire about lifestyle factors with no specific reference to the aims 
of investigating diet), and provided informed consent by way of electronic signature (see Appendix 
10 for information sheet and online consent form). Upon completing the 25-minute online survey, 
psychology students were reimbursed with partial course credit for completing a worksheet 
exercise about their participation, and MTURK participants received a small cash payment of 
US$1.50. The MTURK participants were required to complete various attention checks embedded 
in the survey to ensure accurate and meaningful answers were being obtained (n = 76 did not pass 
attention checks and were not allowed to continue with the survey).  
7.2.3. Measures 
A list of measures (in order presented) is provided in Appendix 11. 
Demographics  
The first section of the survey contained demographic covariate measures of age (18 to 25 
years), gender (male, female, or gender diverse), and ethnicity (Caucasian, Asian, Black, Hispanic, 
Mixed, other), with categories chosen considering the ethnic composition of both New Zealand and 
American populations. The gender category ‘other’ from Study 2 was changed to ‘gender diverse’ 
to better reflect how non-binary individuals describe themselves. Student/employment status and 
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socio-economic status (SES) were also measured. Childhood SES was measured with three items 
(‘My family usually had enough money for things when I was growing up’; ‘I grew up in a 
relatively wealthy neighbourhood’; ‘I felt relatively wealthy compared to the other kids in my high 
school’). An additional measure of adult SES was included in this study to improve the accuracy of 
SES measurement. Adult SES was measured with three items (‘I have enough money to buy things 
I want’; ‘I don’t need to worry too much about paying my bills’; ‘I don’t think I’ll have to worry 
about money too much in the future’) (based on Griskevicius et al., 2011). Participants stated how 
much they agreed with each item using a Likert scale that ranged from 1 (Strongly Disagree) to 7 
(Strongly Agree) for all SES items. 
Lifestyle factors and other health behaviours  
The second section of the survey contained a range of health and lifestyle covariate 
measures. Participants were asked how they typically purchase and prepare their food with six 
possible responses (‘I mainly purchase and prepare my food myself’, ‘I mainly buy and cook food 
as a flat, apartment, or in a group’, ‘My parents mainly prepare my food’ or ‘I mainly prepare and 
purchase my food with my partner’, ‘I mainly eat at my University Residence Hall/Dormitory’, or 
‘other’), and, whether they restrict or exclude certain foods based on health or ethical reasons to 
measure vegetarian status. Participants rated the quantity and quality of their sleep using two items 
from the Basic Nordic Sleep Questionnaire (Partinen & Gislason, 1995), asking ‘In a typical week, 
how many hours per night do you usually sleep?’ and ‘How refreshed do you feel when waking up 
from sleep?’ with five response options ranging from ‘Never refreshed’ to ‘Very refreshed’. A 
single item was used to measure physical activity, asking how many days in a typical week an 
individual completes at least 30 minutes of exercise that was “enough to raise your breathing rate” 
(Milton, Bull, & Bauman, 2011). A number of examples of physical exercise were provided (e.g., 
cycling) as well as exclusions (e.g., housework).  Participants entered their height and weight 
(responses available in both imperial and metric units) which was used to compute body mass 
index (BMI) (Nuttall, 2015). Participants indicated (yes/no) if they had any known health 
conditions from a list of 10 conditions including diabetes (Type 1 or Type 2), hypertension, history 




of cancer, osteoporosis, disordered eating behaviour, cardiovascular disease, anaemia, Chronic 
Fatigue Syndrome, Irritable Bowel Syndrome or Crohn’s Disease, or ‘other’, and they indicated 
(yes/no) whether they had any food allergies from a list (dairy, eggs, peanuts, tree nut, wheat, soy, 
shellfish or fish, or other). Alcohol consumption was assessed by asking how many days in a 
typical week they consumed alcohol, and on those days when consuming alcohol, how many 
standard drinks they typically consumed, which were multiplied to derive a weekly alcohol 
consumption estimate. Participants also answered whether they currently used prescription anti-
depressant or mood stabilising medication, and whether they regularly took any vitamin or mineral 
supplements. Smoking status was assessed by asking how often participants smoked with five 
options: ‘I don’t smoke now’, ‘Less than once a month’, ‘At least once a month’, ‘At least once a 
week’, and ‘At least once a day’.  
Dietary assessment  
The second section of the survey also assessed for dietary intake of: raw vegetables, 
cooked/frozen/canned/tinned vegetables (grouped together), raw fruits, and cooked/canned/tinned 
fruits (grouped together). Examples of serving sizes were based on the New Zealand Adult 
Nutrition Survey 2008/2009 (ANS08/09; University of Otago and Ministry of Health, 2011) as in 
previous studies. For each food category, participants estimated the number of days per week they 
ate that food (0 to 7 days per week). If they reported eating that food at least one day per week, 
then they reported the number of servings they typically consumed on days when they ate that food 
(1 to 7+ servings per day, serving defined for each food category), as well as the types of foods 
they typically consumed from a checklist of commonly consumed foods in that category (e.g., 
carrots, lettuce). These three questions provided quantitative information regarding the intake of 
various food groups and also more richly descriptive information about the types of foods they 
typically ate within each food category. This method of dietary assessment has been used in similar 
previous research (Lesani et al., 2016; Mujcic & Oswald, 2016). In addition, four unhealthy foods 
(chocolate, candy/lollies, French fries/hot chips, and soda) were measured as covariates, and were 
summed to create an overall ‘unhealthy eating’ index.   
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Mental health measures  
Depressive symptoms were measured using the Centre for Epidemiological Studies 
Depression Scale (CES-D; Radloff, 1977), as in the previous study. Participants rated 20 statements 
about feelings of depression “in the past week” on a 4-point scale ranging from 0 (Rarely or none 
of the time, < 1 day) to 3 (Most or all of the time, 5 – 7 days). Responses were summed, reverse 
scoring as needed (α = 0.929). 
Anxiety was measured using the 7 item Hospital Anxiety and Depression Scale - Anxiety 
Subscale (HADS-A; Zigmond & Snaith, 1983), as in the previous study. Anxiety symptoms felt ‘In 
the last week including today’, were rated a 4-point scale ranging from 0 (Not at all) to 3 (Most of 
the time). Responses were summed, reverse scoring as needed (α = 0.854).    
Negative and positive affect was measured using a scale based on the affective circumplex 
(Barrett & Russell, 1999), as in all previous studies. To ensure that PA and NA were measured 
thoroughly, an expanded 24-item scale was used. The scale consisted of affect items that varied by 
valence (negative/positive) and activation (high/medium/low).  The 12 negative affect items were: 
sad, dejected, depressed, unhappy, bad, nervous, anxious, tense, angry, irritable, hostile, and 
unengaged. The 12 positive affect items were: calm, content, relaxed, happy, cheerful, pleasant, 
energetic, enthusiastic, excited, inspired, engaged, and alert. Items were randomized and presented 
in the same order for all participants. Participants responded to the question ‘Typically, do you 
feel…’ for each item using a Likert scale from 0 (None of the time) to 4 (Most of the time). 
Responses were averaged for a measure of negative affect (α = 0.945) and positive affect (α = 
0.953).  
Flourishing was measured with the Flourishing Scale (Diener et al., 2010), as in all 
previous studies. Participants rated their agreement with eight statements related to well-being, 
including ‘I am engaged and interested in my daily activities’ and ‘I lead a purposeful and 
meaningful life’ on a Likert scale from 1 (Strongly disagree) to 7 (Strongly agree), which were 
summed (α = 0.922). 




Vitality was measured with the 4-item energy/fatigue scale of the Rand 36-Item Short 
Form Survey (SF-36; Hays, Sherbourne, & Mazel, 1993; Ware & Sherbourne, 1992), as in the 
previous study. Participants were asked typically: Do you feel full of life?
 
Do you have a lot of 
energy? Do you feel worn out? Do you feel tired?
.
. As with Study 2, the first item was adapted 
from the original “full of pep” to “full of life” to better capture feelings of vitality and to connect 
with a young-adult population. Each item was rated on a 6-point scale from 0 (None of the time) to 
100 (All of the time). Responses were coded from 0 to 100 in 20-point intervals following SF-36 
guidelines (reverse-scoring for items ‘worn out’ and ‘tired’), so that, when summed, scores closer 
to 100 indicated higher vitality (α = 0.864).   
Curiosity was measured by the Curiosity and Exploration Inventory-II (CEI-II), as in Study 
2. The CEI-II is a 10-item measure that assesses the positive emotional-motivational system (CEI: 
Kashdan, Rose, & Fincham, 2004).  Items included “I view challenging situations as an 
opportunity to grow and learn” and “I actively seek out as much information as I can in new 
situations”. Participants indicated how accurately each statement reflected the ways they generally 
think and behave from 1 (Very slightly or not at all) to 7 (Extremely). Responses were summed (α 
= 0.902). 
Creativity was measured with the same single item that was developed for Study 1 and 2, 
but adapted to reflect a “typical” timeframe: “Overall, how creative of a person are you? - 
Creativity includes coming up with novel or original ideas; expressing oneself in an original and 
useful way; or spending time doing artistic activities (art, music, painting, writing, etc.).” 
Participants responded on a Likert scale from 1 (Very slightly or not at all) to 5 (Extremely).  
7.3. Analyses and results 
7.3.1. Data preparation   
Six participants were excluded due to incomplete data and two participants were excluded 
due to suspected errors in responding, which resulted in a final sample size of 422 participants. 
Gender was dummy coded using two variables with male gender as the reference group (male, 
female, and gender diverse coded as 0, 1, 0, and 0, 0, 1, respectively). Ethnicity was dummy coded 
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using three variables with Caucasian ethnicity as the reference group (Caucasian, Asian, Black, all 
others, as 0, 1, 0, 0, and 0, 0, 1, 0, and 0, 0, 0, 1) respectively. Student status was dummy coded as 
0 for non-students and 1 for any full or part-time students. Childhood and current SES items were 
averaged to produce a total SES score (α = 0.844). BMI was computed by dividing weight by 
kilograms by the square of height in meters (Nuttall, 2015). Smoking was dummy coded to indicate 
non/infrequent smokers (0) versus regular smokers who smoked at least once per week or more (1).  
Health condition, food allergy, and food restriction variables were dummy coded to indicate 
absence (0) or presence (1) of any major health condition, food allergy, or vegetarianism, 
respectively.   
Average daily servings of food groups were calculated by multiplying days per week by 
servings per day, and then dividing by seven to get an average daily intake estimate (days per week 
x servings per day / 7). This computation was done for each food category separately. A combined 
raw fruit and vegetable daily intake (raw FVI) variable was created by summing the daily raw fruit 
and daily raw vegetable serving estimates together, and a combined cooked/processed fruit and 
vegetable intake (cooked FVI) variable by summing the daily cooked/canned fruit and daily 
cooked/canned/frozen vegetable estimates together. Lastly, a combined unhealthy food index was 
created by summing the daily servings for chocolate, candy/lollies, French fries/hot chips, and 
soda, however, due to low reliability (α = 0.276), the items were analysed separately.  
7.3.2. Descriptive data 
The descriptive statistics can be found in Table 7.1. Over half the sample was female 
(66.1%) and identified as Caucasian (67.5%). The combined childhood and adult mean SES score 
(4.12) fell within a middle range, suggesting that participants perceived themselves as no better or 
worse off than others. The average BMI (24.85) was at the higher end of a healthy range (18 - 25).  
As in Study 1, healthy food items (fruits, vegetables) were eaten more frequently than the 
unhealthy foods. Participants reported eating approximately 3.2 daily servings of FV, which mostly 
consisted of raw fruit (1.2 servings), raw vegetables (1.0 servings), and cooked vegetables (0.9 
servings). Cooked fruits were not frequently eaten (0.1 daily servings).  The mean depressive 




symptoms score was 1.5 points above the 16-point cut-off for CES-D scores indicating possible 
risk for clinical depression. The mean anxiety score was 1.5 points below the 8-point cut-off on the 
HADS-A and therefore indicative of normal levels of anxiety. Positive affect was higher than 
negative affect, and flourishing was in the lower 25% compared to American college students 
(Diener et al., 2010). There is currently no normative data for flourishing in New Zealand.  
There were several significant differences between the MTURK and Psychology 
participants (full analyses provided in Appendix 12). Those recruited from MTURK (vs. 
psychology students) tended to have a higher proportion of males (36.0% vs 21.0%), be more 
ethnically diverse (66.6% vs 70.5% Caucasian), be older (22.3 years vs 19.5 years), have lower 
SES (4.0 vs 4.6), and have greater BMI (25.38 vs 23.25). Because of this difference, sample was 




Table 7.1   
Descriptive Statistics for the Sample (n = 422)  
 % (n) Mean (SD) Min Max 
Age  21.58 (2.12) 18 25 
Gender     
Female 66.1 (279)    
Male 32.3 (136)    
Gender Diverse 1.7 (7)    
Ethnicity     
Caucasian  67.5 (285)    
Asian 9.7 (41)    
Black 6.2 (26)    
Mixed 6.2 (26)    
Hispanic 5.2 (22)    
Other 5.2 (22)    
Sample     
% MTURK 75.12 (317)    
% Psychology Students 24.88 (105)    
% Full- or Part-time Students 65.6 (277)    
SES  4.12 (1.24) 1 7 
BMI  24.85 (5.36) 14.7 53.78 
Sleep Quantity (Hours/night)  7.27 (1.43) 2 20 
Sleep Quality  1.74 (1.01) 0 4 
Days of Physical Activity/week  2.99 (1.95) 0 7 
Alcohol (Servings/week)  4.43 (6.74) 0 48 
Smoker (Yes) 10.2 (43)    
Health Condition (Yes) 25.6 (108)     
Food Allergy (Yes) 16.6 (70)    
Antidepressant Use (Yes) 15.9 (67)    
Supplement Use (Yes) 35.8 (151)    
Vegetarian  10.0 (42)    
Food preparation     
Myself 43.8 (185)    
Roommates / in a group 17.5 (74)    
With partner 16.8 (71)    
Parents  10.2 (43)    
University dorm 10.0 (42)    
Other 1.7 (7)    
Raw FVI servings/day  2.20 (1.79) 0 12 
Raw Fruit  1.22 (1.13) 0 6 
Raw Vegetables  0.98 (0.99) 0 7 
Cooked FVI servings/day  0.99 (0.95) 0 5 
Cooked Fruit  0.11 (0.33) 0 3.57 
Cooked Vegetables  0.88 (0.86) 0 5 
Unhealthy foods servings/day  1.45 (1.48) 0 8.57 
Chocolate  0.47 (0.63) 0 7 
Candy  0.18 (0.36) 0 2.86 
French Fries  0.30 (0.39) 0 2.86 
Soda  0.49 (1.03) 0 7 
Depressive Symptoms  17.53 (11.95) 0 55 
Anxiety Symptoms  6.55 (4.43) 0 21 
Negative Affect  1.42 (0.78) 0 3.75 
Positive Affect  2.22 (0.82) 0 4 
Vitality  51.45 (22.0) 0 100 
Flourishing  40.84 (9.29) 13 56 
Curiosity  3.11 (0.83) 1 5 
Creativity  3.04 (1.11) 1 5 
Note. BMI = body mass index; FVI = fruit and vegetable intake; MTurk = Mechanical Turk; SES = 
socioeconomic status 
 




Table 7.2 presents the inter-correlations among the fruit and vegetable measures, the 
unhealthy foods measures, and the mental health measures. The correlation between raw FVI and 
cooked FVI was 0.265, p < .001. Similarly, intake of raw fruits and raw vegetables was 
significantly correlated (0.422, p < .001), but less so for cooked fruits and cooked vegetables 
(0.103, p < .05). There were few associations between the fruit and vegetable measures and 
unhealthy foods. Consumption of cooked FVI, particularly cooked fruits, was associated with more 
unhealthy foods like candy and French fries. The unhealthy foods correlated with each other, with 
the exception of chocolate. All of the mental health measures were significantly correlated with 
each other, with the exception of creativity and the measures of ill-being (depressive symptoms, 




Note: FVI = Fruit and vegetable intake; * p < .05; ** p < .01; *** p < .001 
Table 7.2.   
Inter-correlations among the Fruit, Vegetables, Unhealthy Foods, and Mental Health Measures 
 Raw               
FVI 
Raw Fruits Raw Vegetables Cooked FVI Cooked Fruits Cooked 
Vegetables 
































Cooked Fruits     1 .103
*
 
Cooked Vegetables      1 
 Unhealthy 
Foods 
Chocolate Candy French 
Fries 
Soda   
Raw FVI -.053 -.007 .043  .013 -.092   
Raw Fruits -.024 -.009 .064  .047 -.070   
Raw Vegetables -.068 -.002 .004 -.031 -.087   
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Cooked Fruits  .144
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Cooked Vegetables  .044  .064 .081  .041 -.019   
 Unhealthy 
Foods 
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Curiosity       1 .409
**
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7.3.2.1. Bivariate correlations between fruit and vegetable intake and mental health, without 
adjustment for covariates 
The unadjusted bivariate correlations between FVI and measures of mental health are 
presented in Table 7.3. As predicted, raw FVI had the strongest associations with most of the 
mental health measures. Raw FVI was associated with fewer depressive symptoms and higher 
positive affect, vitality, flourishing, curiosity, and creativity. Raw fruits were additionally 
associated with reduced negative affect. By contrast, cooked FVI was only associated with positive 
affect, curiosity, and creativity but not with any of the other mental health variables. The size of the 
correlations was significantly stronger for raw FVI than cooked FVI for depressive symptoms (Z = 
-3.065, p = .001 one tailed), positive affect (Z = 1.912, p = .028 one tailed), flourishing (Z = 2.879, 
p = .002 one tailed), and vitality (Z = 2.138, p = .016 one tailed) using the difference test between 
two dependent correlations with one variable in common (Lee & Preacher, 2013). The coefficients 
did not differ for anxiety (Z = -1.573, p = .058 one tailed), negative affect (Z = -1.456, p = .073 one 
tailed), curiosity (Z = 0.456, p = .324 one tailed), or creativity (Z = 0.978, p = .164 one tailed). 
Collectively, the unhealthy foods composite index was largely unrelated to the mental health 
variables, although higher soda consumption was correlated with more depressive symptoms and 
lower vitality.  
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Table 7.3  









Vitality Flourishing  Curiosity Creativity 
Raw FVI -.157** -.077 -.090  .280** .225**  .205** .243** .179** 
Raw Fruits -.161** -.092 -.113*  .279** .209**  .218** .214** .132** 
Raw Vegetables -.100* -.035 -.034  .188*** .169**  .122* .195** .173** 
Cooked FVI  .023 -.016 -.004  .171** .101  .037 .217** .122* 
Cooked Fruits  .002 -.014 -.023  .106* .078 -.008 .196** .132** 
Cooked Vegetables  .025 -.013  .004  .149** .089  .044 .118* .085 
Unhealthy Foods  .068 .055  .051 -.004 -.107* -.040 -.050 -.030 
Chocolate  .019 -.005  .048  .044 -.029  .012 -.028 -.029 
Candy  .027  .001  .013  .084 .001  .040 .068 .006 
French Fries -.056 -.028 -.044  .088 .045  .028 .035 -.058 
Soda  .098*  .093  .056 -.095 -.154** -.090 -.092 -.005 
Note: FVI = Fruit and vegetable intake; * p < .05; ** p < .01; *** p < .001.  
 




7.3.2.2. Regression models using fruit and vegetable intake to predict mental health, adjusting 
for covariates 
A series of hierarchical regression analyses were conducted to predict the eight mental 
health outcomes – depressive symptoms, anxiety, negative affect, positive affect, vitality, 
flourishing, curiosity, and creativity – from raw FVI and cooked FVI as predictors, controlling for 
the demographic and health covariates. All continuous variables were centred for analysis. In the 
first step,  the two fruit and vegetable variables (raw FVI and cooked FVI, both centred) were 
entered as simultaneous predictors plus their quadratic terms to test for any non-linear associations 
with the mental health outcomes. Non-significant quadratic terms were dropped from the final 
models.  In the second step, the covariates were entered to isolate the unique associations between 
FVI and mental health. Covariates were included in the model if they correlated with either the 
predictors (raw FVI or cooked FVI) and/or any of the mental health outcome measures. The 
covariate related to food preparation was dummy coded 1 if their parents prepared their food and 0 
for all others because this was the only contrast that covaried with the predictor(s)/outcome(s).   
Results from the regression analyses for mental ill-being outcomes (depression, anxiety, 
negative affect) are presented in Table 7.4 and analyses for mental well-being outcomes (positive 
affect, vitality, flourishing, curiosity, creativity) are presented in Table 7.5. Raw FVI, but not 
cooked FVI, significantly predicted lower depressive symptoms and higher positive affect, vitality, 
flourishing, and to a lesser extent, creativity when controlling for the covariates. Both raw FVI and 
cooked FVI predicted curiosity. It is notable that raw FVI predicted all five of the mental well-
being measures (positive affect, vitality, flourishing, curiosity, and to some extent, creativity) and 
only one of the negative ill-being measures (depressive symptoms), which is consistent with 
predictions that FVI would be more strongly related to positive than negative mental health.   
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Table 7.4  
Regression Models Predicting Mental Ill-being Variables from Fruit and Vegetable Intake, 








Intercept   16.788 (.662)*** 6.547 (.216)*** 1.421 (.038)*** 
Raw Fruits and 
Vegetables 
-1.819 (.442) ***  -.193(.125) -.041 (.022) 
Raw Fruits and 
Vegetables (Quad) 
.231 (.104)*       ---       --- 
Cooked Fruits and 
Vegetables 
.951 (.623) .020 (.235) .017 (.041) 
R
2 
Change  .040** .006 .009 





.030** .004 .007 
F Change (df) 
controlling for 
covariates 
F(3,397)=6.418 F(2,398)=1.189 F(2,398)=1.862 
Intercept   14.491(1.782)*** 4.677 (.699)*** 1.243 (.125)*** 
Raw Fruits and 
Vegetables 
-1.522 (.395)*** -.174 (.119) -.040 (.021) 
Raw Fruits and 
Vegetables (Quad) 
.150 (.089)       ---       --- 
Cooked Fruits and 
Vegetables 
1.39 (.546)* .167 (.216) .033 (.039) 
Age  .270 (.303) -.005 (.120) .002 (.022) 
Gender D1 -.141 (1.14) .723 (.451) .067 (.081) 
Gender D2 8.29 (3.98)** 3.16 (1.58)* .639 (.283)* 
Sample  .487 (1.49) -.797 (.591) .070 (.106) 
Student 1.04 (1.19) .425 (.472) .058 (.085) 
SES -2.04 (.425)*** -.746 (.169)*** -.104 (.030)** 
BMI .136 (.096) .004 (.038) .002 (.007) 
Sleep quantity  -.057 (.359) -.093 (.142) .008 (.026)  
Sleep quality -4.06 (.541)*** -1.19 (.214)*** -.231 (.038)*** 
Physical Activity -.076 (.273) -.030 (.108) -.004 (.019) 
Alcohol  .090 (.074) .034 (.029) .009 (.005) 
Smoking .874 (1.625) .299 (.644) -.109 (.116) 
Health Condition 1.48 (1.19) .029 (.470) .029 (.084)  
Food Allergy .214 (1.34) .345 (.529) .043 (.095)  
Antidepressant Use 6.34 (1.41)*** 2.49 (.558)*** .403 (.100)   
Supplement Use .268 (1.04) .052(.411) -.028 (.074)  
Vegetarian 1.16 (1.71) .538 (.674) -.006 (.121)  
Parents Prepare Food -2.42 (1.63) -.949 (.648) -.226 (.116)  
Candy 2.40 (1.49) .256 (.591) .084 (.106)  
French Fries -2.93 (1.36)* -.481 (.538) -.107 (.096)  
Soda -.045 (.506) .105 (.201) -.004 (.036)  
R
2 
Change  .334*** .278*** .239***  
F Change (df) F(21,397)=10.07 F(21,398)=7.344 F(21, 398)=6.004  
R Square (All variables) .374 .284 .247  
Note: SE = standard error, BMI = body mass index (weight in kilograms divided by the square of height in 
meters), SES = socioeconomic status; all continuous variables are centered. * p < .05; ** p < .01; *** p < 
.001 
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Table 7.5  Regression Models Predicting Mental Well-being Variables from Fruit and Vegetable 












Intercept   2.296 (.043)*** 53.812 (1.05)*** 40.839 (.443)*** 3.109 (.039)*** 3.036 (.053)*** 
Raw Fruits and 
Vegetables 
.185 (.029)*** 4.693 (.794)*** 1.090 (.257)*** .092 (.022)*** 0.098 (.031)** 
Raw Fruits and 
Vegetables 
(Quad) 
-.025 (.007)*** -.737 (.187)*** --- --- --- 
Cooked Fruits 
and Vegetables 
.080 (.041) * .775 (1.119) -.179 (.428) .143 (.042)** 0.093 (.058) 
R
2 
Change  .116*** .087*** .042*** .084*** .038*** 






.044*** .033*** .019** .026** .016* 
F Change (df) 
controlling for 
covariates 
F(3,397)=10.66 F(3,397)=8.25 F(2,398)=5.15 F(2,398)=6.61 F(2,398)=3.45
 
Intercept   2.30 (.114)*** 53.878 (3.00)*** 40.13 (1.47)*** 2.811 (.136)*** 2.422 (.196)*** 
Raw Fruits and 
Vegetables 
.135 (.025)*** 3.302 (.665)** .787 (.251)** .054 (.023)* .062 (.033)
t 
Raw Fruits and 
Vegetables 
(Quad) 
-.016 (.006)** -.499 (.150)** --- --- --- 
Cooked Fruits 
and Vegetables 
.017 (.035) -.551 (.920) -.581 (.455) 0.96 (.042)* .089 (.061) 
Age  -.043 (.019)* -.710 (.511) -.446 (.253) -.030 (.023) .000 (.034) 
Gender D1 .125 (.073) 1.92 (1.92) 2.09 (.948)* .016 (.088) 2.35 (.127)
t 
Gender D2 -.432 (.254) -14.39 (6.70)* -5.93 (3.31) -.205 (.308) .900 (.442)* 
Sample  -.088 (.096) .176 (2.52) -.742 (1.24) .254 (.115)* .381 (.166)* 
Student -.017 (.076) -.019 (2.01) -.157 (.991) .131 (.092) .256 (.132)
t 
SES .171 (.027)***     4.67 (.717)***     1.77 (.355)*** .040 (.033) -.21 (.047) 
BMI -.003 (.006) -.075 (.161) -.043 (.080) -.009 (.007) -.005 (.011) 
Sleep quantity  .033 (.023) -1.47 (.605)* .328 (.299) -.050 (.028) -.074 (.040) 
Sleep quality .290 (.035)*** 8.65 (.912)*** 2.11 (.451)*** .066 (.021)*** .006 (.060) 
Physical 
Activity 
.020 (.017) .953 (.460)* .313 (.226) .020 (.017)** .061 (.030)* 
Alcohol  .000 (.005) -.013 (.125) -.069 (.062) .005 (.006) -.006 (.008) 
Smoking -.023 (.104) .506 (2.74) -1.10 (1.35) -.030 (.126) -1.69 (.181) 
Health 
Condition 
-.026 (.076) -3.36 (2.00) .788 (.988) -.032 (.092) -.022 (.132) 
Food Allergy -.001 (.086) -.313 (2.26) -.376 (1.11) .121 (.103) .180 (.148) 
Antidepressant 
Use 
-.291 (.090)*     -9.07 (2.38)*** -3.03 (1.17) -.022 (.109) -2.49 (.157) 
Supplement Use .075 (.066) .688(1.75) 1.01 (.864) .129 (.080) .080 (.115) 
Vegetarian -.032 (.109) 1.66 (2.89) .158 (1.42) -.119 (.131) .021 (.189) 
Parents Prepare 
Food 
-.002 (.104) 1.14 (2.75) 1.54 (1.36) -.229 (.126) -.088 (1.182) 
Candy .005 (.095) -4.42 (2.52) .381 (1.24) .028 (.115) -.024 (.166) 
French Fries .189 (.087)* 3.90 (2.29) 1.11 (1.13) .006 (.105) -.211 (.151) 
Soda .010 (.032) -1.12 (.854) .120 (.422) -.047 (.039) .031 (.056) 
R
2 
Change  .338*** .389*** .236*** .134*** .068
t 











R Square (All 
variables) 
.454 .461 .475 .467 .278 
Note: SE = standard error, BMI = body mass index (weight in kilograms divided by the square of height in meters), 
SES = socioeconomic status; all continuous variables are centered. * p < .05; ** p < .01; *** p < .001 
Note: SE = standard error, BMI = body mass index (weight in kilograms divided by the square of height in 
meters), SES = socioeconomic status; all continuous variables are centered. * p < .05; ** p < .01; *** p < .001 
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There were also significant quadratic patterns between raw FVI and positive affect as 
shown in Figure 7.1, and between raw FVI and vitality as shown in Figure 7.2. For raw FVI and 
positive affect, the inflection point occurred at 6.5 servings per day. This indicates that incremental 
improvements in positive affect were observed up to six and a half servings of raw FVI a day, after 
which increasing servings of raw FVI was associated with no additional benefits to positive affect. 
For raw FVI and vitality, the inflection point occurred at 5.5 servings of raw FVI per day. This 
indicates that incremental improvements in vitality were observed up to 5.5 servings of raw FVI a 
day, after which increasing servings of raw FVI had no additional benefits to vitality. A quadratic 
regression term predicting depression from raw FVI was significant in the first step, but was no 
longer significant when demographic and lifestyle covariates were included.  
 
 
Figure 7.1. The curvilinear relationship between consumption of raw fruits and vegetables and 
positive affect, adjusted for covariates.  
Note: The inflection point at 6.5 servings/day (solid vertical line) reflects the point after which 









Figure 7.2. The curvilinear relationship between consumption of raw fruits and vegetables and 
vitality, adjusted for covariates.  
Note: The inflection point at 5.5 servings/day (solid vertical line) reflects the point after which 
higher raw fruit and vegetable consumption no longer predicted increases in vitality. 
    
 
7.3.2.3. Regression models using fruit and vegetable intake to predict well-being, adjusting 
for covariates and depressive symptoms 
In order to test for unique relationships with mental well-being, the hierarchical regression 
analyses for well-being outcomes (positive affect, vitality, flourishing, curiosity, and creativity) 
outlined in Table 7.5 were repeated controlling for both negative affect and depressive symptoms. 
Alongside previously mentioned covariates, total scores for both depressive symptoms and 
negative affect were centred and subsequently entered in the second step of the regression analyses. 
After controlling for negative affect and depressive symptoms, raw FVI continued to predict PA 
(both linear, b = .082, t(395) = 3.937, p < .001 and quadratic, b = -.11, t(395) = -2.372, p = .018), 
vitality (both linear, b = 2.092, t(395) = 3.783, p < .001, and quadratic, b = -.410, t(395) = -
3.327, p = .001), and to a lesser extent curiosity (b = .44, t(396) = 1.852, p = .065
t
) and creativity (b 
= .067, t(396) = 1.959, p = .051
t
). Flourishing was no longer predicted by raw FVI when 
controlling for negative affect and depressive symptoms. Cooked FVI continued to predict PA (b = 
.065, t(395) = 2.303, p = .022) and curiosity (b = .110, t(396) = 2.589, p = .010). Collectively, these 
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findings suggest that the patterns of initial regression analyses were relatively stable after 
controlling for the presence of negative affect and depressive symptoms (with the exception of 
flourishing), providing support for the idea that there are unique links between fruit and vegetable 
intake and mental well-being outcomes.  
7.3.3. Single food item analyses 
Lastly, exploratory analyses were conducted to determine which types of raw or cooked 
fruits and vegetables were most strongly associated with the mental health measures. Unadjusted 
bivariate correlations were computed between endorsement of a given food (0 vs. 1) and each of 
the eight mental health measures. Results are presented in Tables 7.6 and 7.7. Vegetables like 
carrots, dark leafy greens (kale, spinach), lettuce, cucumber, red onion, cabbage, celery, tomato, 
and mushrooms were most significantly related to aspects of mental health measures. In terms of 
cooked vegetables, pumpkin, mixed frozen vegetables, potatoes/sweet potatoes, broccoli, and 
eggplant were significantly related to positive affect, and several of these were also related to 
vitality, flourishing, and curiosity. Raw bananas and apples were the strongest predictors of most 
mental health measures and almost all other raw fruits such as grapefruit, berries, kiwifruit, stone 
fruit (e.g., peaches, apricots), pear, frozen berries, and grapes were related to positive affect, 
vitality, flourishing, curiosity, and creativity.   
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Table 7.6  





































Vitality Flourishing Curiosity Creativity 
Banana -.138** -.078 -.117* .224** .177** .242** .136** .140** 
Apple -.152** -.119* -.114* .223** .164** .225** .145** .072 
Grapefruit -.065 -.034 -.054 .208** .127** .149** .255** .146** 
Citrus fruit -.091 -.116* -.045 .186** .137** .194** .158** .081 
Berries (fresh) -.140** -.049 -.075 .176** .128** .171** .147** .150** 
Kiwi fruit -.073 -.048 -.082 .146** .144** .157** .148** .089 
Stone fruit -.035 .034 .020 .136** .040 .129** .168** .187** 
Pear .006 .034 .044 .115* .096* .103* .153** .168** 
Frozen berries (raw) -.052 .002 .039 .113* .052 .125** .101* .081 
Grapes -.050 .007 -.041 .100* .050 .163** .133** .141** 










Vitality Flourishing Curiosity Creativity 
Carrot -.130** -.085 -.108* .248** .220* .223** .106* .90 
Dark leafy greens -.145** -.077 -.077 .175** .151* .184** .123* .044 
Lettuce -.118* -.065 -.04 .204** .126* .174** .126* .086 
Cucumber -.076 -.017 -.037 .186** .106* .146** .163* .025 
Red onion -.088 -.032 -.043 .156** .119* .152** .193** .085 
Cabbage -.072 -.103* -.084 .144** .102* .090 .117* .109* 
Celery -.060 .008 -.007 .137** .113* .117* .167** .075 
Tomato -.017 .019 -.039 .117* .063 .078 .135* .095 
Mushroom -.106* -.048 -.057 .108* .146** .053 .104* .081 
Bell pepper / 
Capsicum 
-.042 -.002 -.027 .089 .040 .107* .105* .091 
Beets / Beetroot -.015 -.022 -.031 .070 .039 .039 .072 -.017 
Other .068 .094 .091 -.062 -.092 -.047 .022 .015 
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Table 7.7  






Negative Affect Positive  Affect Vitality Flourishing Curiosity Creativity 
Peaches -.044 -.053 -.033 .118* .053 .098* .126** .153** 
Pineapple -.020 -.003 -.009 .098* .034 .100* .097* .137** 
Apples -.080 -.085 -.076 .102* .094 .089 .140* .080 
Apricot .017 .004 -.013 .096* .036 .026 .112* .127** 
Plum .017 .014 .026 .052 .075 -.027 .058 -.018 
Pear .020 .027 .033 .047 .040 .044 .127** .159** 
Berries -.021 -.029 -.021 .041 .059 -.005 .103* .060 






Negative  Affect Positive  Affect Vitality Flourishing Curiosity Creativity 
Pumpkin -.020 -.039 .014 .136** .116* .081 .090 .031 
Mixed frozen 
vegetables 
-.035 .024 .026 .126** .054 .113* .109* -.029 
Potatoes -.029 .021 .018 .116* .033 .013 .156** .071 
Broccoli -.065 -.036 -.037 .110* .077 .118* .115* .096* 
Sweet potato / Kumara  -.067 -.057 .035 .115* .091 .032 .068 -.018 
Asparagus -.096* -.052 -.037 .079 .077 .086 .101* .079 
Onions/leeks .058 .080 .119* .027 -.056 -.019 .132** .070 
Green Beans -.032 .037 -.042 .071 .041 .102* .111* .017 
Eggplant / Aubergine -.049 -.016 -.024 .099* .109* .084 .084 .043 
Dark leafy greens -.081 -.081 -.068 .095 .098* .096* .118* .066 
Mushroom -.008 .026 .027 .084 .039 .010 .115* .088 
Carrots .017 .057 .066 .083 .045 .023 .094 .045 
Cauliflower -.035 -.028 .024 .080 .014 .025 .071 .051 
Bell Pepper / Capsicum -.031 -.011 .045 .075 -.002 .078 .110* .020 
Tomatoes (canned) .021 .043 -.005 .071 .011 .073 .107* .087 
Tomatoes (cooked) .006 .040 .006 .067 .005 .062 .208** .145** 
Beet / Beetroot -.035 -.013 .001 .067 .075 .042 .059 -.017 
Zucchini / Courgette -.057 -.041 -.011 .065 .047 .089 .073 -.005 
Corn -.035 .020 .023 .036 -.012 .045 .072 .030 
Other .037 -.022 .019 -.051 -.022 -.045 .113* -.019 
Note: * p < .05; ** p < .01; *** p < .001 
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7.4. Discussion  
This study showed that intake of raw fruits and vegetables (FV) has a stronger relationship 
to mental health outcomes than the consumption of cooked, canned, or processed FV. Although 
this was a correlational design, the patterns were robust when controlling for demographic and 
health covariates, and they paralleled the findings of recent intervention research showing 
significant effects of increasing fresh fruit and vegetable intake (FVI) on mental health (e.g., 
through carrots, kiwifruit/oranges, apples, in my RCT; through kiwifruit, Carr et al., 2013; through 
fresh fruit, Smith & Rogers, 2014). These relationships were only somewhat attenuated when 
controlling for the presence of ill-being (with the exception of flourishing), highlighting the 
previous findings in this thesis that unique links between FVI and mental well-being may exist.  
This study parallels an interesting finding from Study 1, that positive affect and FVI had a 
curvilinear relationship; whereby additional improvements in positive affect were not seen beyond 
6.5 servings (inflection point was approx. 5 servings in Study 1). Additionally, the current study 
suggested a similar quadratic relationship exists with vitality whereby additional vitality gains were 
seen up to 5.5 servings of raw FV, but then plateaus or possibly decreases.  No other mental health 
outcomes showed significant quadratic relationships, suggesting more dose-dependent relationships 
for eudaimonic well-being such as flourishing, curiosity, and creativity.  
The most important finding from this study was showing that when tested side-by-side, raw 
FVI significantly outperformed cooked/processed forms of FVI in the prediction of mental health. 
While mechanistic pathways (e.g., biomarkers) were unable to be tested in this study, a likely 
factor is that raw FV deliver a greater amount of nutrients than cooked or canned FV. This idea is 
somewhat supported by the literature, with evidence indicating that cooking, canning, and 
processing can significantly decrease the nutrient content of some forms of produce (Lee & Kader, 
2000; Nicoli et al., 1999; Rickman et al., 2007a; Zhang & Hamauzu, 2004). Raw FV may provide 
greater levels of micronutrients than cooked FV, which could explain their stronger association 
with improved mental well-being. However, as outlined previously, evidence of significantly d 
iminished nutrient levels in cooked and processed produce is varied, and appears to be 
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individualised from nutrient to nutrient (Dewanto et al., 2002; Miglio et al., 2008; Turkmen et al., 
2005). Further research (including objective biomarkers) is required to determine how 
cooking/processing affects nutrient levels in FV, and whether this actually translates to biologically 
significant differences in subsequent levels of micronutrients that are likely to influence systems 
implicated in mental health.  
Strengths and weaknesses 
This study had other limitations aside from the correlational design. Firstly, in accessing a 
more diverse population, and investigating a number of potential confounds, the specificity of 
dietary assessment was somewhat sacrificed.  As outlined throughout this thesis, there are inherent 
limitations associated with the assessment of ‘typical’ dietary intake, including possible errors in 
estimation and memory recall, as well as inaccuracy in estimating serving sizes (Thompson & 
Byers, 1994).  In an attempt to alleviate some of these limitations, participants were provided with 
clear instructions of what constitutes 1 serving, as in previous studies. Secondly, a non-validated 
food recall measure was used to measure ‘typical’ consumption; however, this was based on 
previously published measures suited to larger population studies (e.g., Lesani et al., 2016; Mujcic 
& Oswald, 2016).  Future research should consider investigating these relationships using a daily 
diary methodology to see whether similar within-subject associations are seen when comparing raw 
versus cooked/canned processed FVI.  Furthermore, gold standard methods, such as a weighed 
dietary record (Gemming, Utter, & Ni Mhurchu, 2015), may provide greater insight into the 
methods of preparation and consumption than self-report alone. This type of assessment may 
provide important information that was unable to be collected using the current methodology. For 
example, the current assessment did not differentiate between cooking methods that might affect 
nutrient content (e.g., boiling vs. steaming), nor did it separate the consumption of cooked versus 
canned foods. The distinction between cooked versus canned FVI, which was not captured by the 
current methodology, may be particularly pertinent for the assessment of fruit. For example, the 
nutrient profile of canned fruit in natural juices will be substantially different from cooked fruit in 
sweetened desserts; yet, the current methodology would have grouped these together.  
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Interestingly, in the current study, greater intake of cooked fruits was associated with greater 
intakes of unhealthy foods suggesting that this measure may have been capturing more unhealthy 
options (e.g., desserts).  
  Finally, factors such as soil deficiencies, fat consumption, storage methods, and the quality 
of produce can all influence the availability and absorption of micronutrients within the body.  
While these factors were beyond the scope of the current study, it is important to keep in mind that 
the way in which nutrients journey from food to the brain is influenced by a multitude of factors, 
beyond simply raw versus cooked/canned/processed FV.  
This study also had some strengths. The heterogeneity between the two samples provided 
more diversity allowing the results to be representative of a greater range of individuals. The 
findings suggested that, despite a number of significant differences between the psychology sample 
and the MTURK sample, raw FVI still predicted greater mental health outcomes across the sample. 
This suggests a more universal impact of raw FVI, rather than specific to certain subgroups. 
Furthermore, this capstone study was tightly controlled and included an array of potential 
confounds – including demographic factors, other health behaviours, and consumption of unhealthy 
food. Additionally, controlling for negative affect and depressive symptoms highlighted that these 
relationships, for the most part, reflected unique associations between raw FVI and mental well-
being outcomes that are not simply explained by the covariation between well-being and ill-being.  
7.4.1. Conclusions 
The current findings showed that consumption of raw FV differentially predicted better 
mental health than the consumption of cooked or processed FV even when controlling for 
demographic, socioeconomic, and health covariates. The cooking and processing of FV has the 
potential to diminish nutrient levels, which likely limits the delivery of nutrients that are essential 
for optimal psychological functioning. The findings of this study may serve to reconcile the results 
of the RCT, and supports the hypothesis that the choice of preparation and consumption are 
important in determining how beneficial FVI is in regards to mental health gains. However, given 





FRUIT, VEGETABLES, AND MENTAL WELL-BEING   163 
 
 
CHAPTER 8: General Discussion 
You are what you eat 
In this thesis, I set out to investigate the role of fruit and vegetable intake (FVI) in mental health – 
especially in relation to the positive aspects of mental well-being. I have shown across three 
studies, incorporating a range of methods, that there is a significant and relatively distinct 
relationship between FVI and positive aspects of mental well-being. Furthermore, I found evidence 
of a causal relationship between FVI and some aspects of mental well-being in young adults, and 
that the consumption of raw FV may be particularly important to maximizing the mental benefits of 
plant foods in this population. This body of thesis work has contributed to the conversation about 
the potential role for nutrition in the promotion of mental health outcomes – specifically, in the 
realm of positive mental well-being – whereby people feel engaged and interested in their lives, 
and operate with a sense of purpose.  It is becoming clear that what we eat has a significant effect 
on how we feel, and this has innumerable implications for research, policy, and clinical practice. 
8.1. What these studies add to understanding 
The initial narrative review (Chapter 1) provided an overview of the literature, especially 
the promising link between FVI and aspects of mental well-being.  However, this review also 
highlighted a number of limitations that prevented strong conclusions being drawn.  These 
included: limited research investigating mental well-being, a paucity of experimental research 
which would speak to the causality of this relationship, methodological issues with comprehensive 
control variables, poor specificity of both nutrition and psychological assessment methods, and 
minimal investigation of potential mechanisms that would provide biological (or otherwise) 
explanations for this link.  These methodological limitations provided rationale for the empirical 
studies and furthered the understanding of the relationship between FVI and mental health, 
especially for mental well-being. Across this thesis, the most consistent finding was that FVI was 
related to various aspects of mental well-being. Across three studies, higher FVI was related to 
significantly greater eudaimonic well-being as measured by flourishing, vitality, creativity, 
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curiosity, and motivation, and to a more mixed extent, positive affect. Importantly, these 
relationships remained significant after controlling for various confounds known to influence FVI 
and mood, including demographics (age, gender, ethnicity, SES), and other health behaviours 
(smoking, consumption of unhealthy foods, the presence of health conditions and allergies, 
medication and anti-depressant use, supplement use, vegetarianism, alcohol consumption, sleep). In 
this thesis, the relationships between FVI and mental health outcomes were mostly dose-dependent; 
that is, increasing mental health gains are seen for each additional serve of daily FVI. However, in 
the two studies where PA was significantly linked to FVI (Study 1 and Study 3), both showed 
significant curvilinear relationships suggesting that the benefits of additional daily FV servings 
only provide gains in positive affect up until a certain point, after which they drop off or plateau. 
There were mixed curvilinear results for vitality as no curvilinear relationships were found for 
vitality (or any mental health outcomes) in Study 2, whereas Study 3 found a curvilinear pattern for 
raw FVI and vitality. While these curvilinear patterns for positive affect and vitality highlight 
distinct differences between the way FVI influences hedonic versus eudaimonic well-being, this 
should be interpreted with caution. Throughout this thesis, fruit and vegetable intake amongst 
young adults was considered relatively low. With few people consuming FV above these inflection 
points, it is difficult to make confident conclusions about the reliability of the plateau- or 
downward-patterns after these inflection points.  
It is interesting that there were inconsistencies across the three studies in regard to hedonic 
outcomes – positive affect (PA) and negative affect (NA). Study 1 found weak relationships 
between FVI and NA, and both Study 2 and Study 3 found no association between FVI and NA, 
suggesting that the current thesis provides little support for the relationship between fruit and 
vegetable intake and negative affect. By contrast, Study 1 and Study 3 found strong relationships 
between FVI and PA, supporting the idea that there may be stronger links with mental well-being 
outcomes when compared side-by-side. However, the failure to find any relationship with PA in the 
intervention (Study 2) is more difficult to reconcile. Given the strong link between hedonic and 
eudaimonic well-being (Keyes, 2002; Ryff & Singer, 1998), it would seem that eudaimonic well-
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being should have been accompanied by links with PA. However, Steger and colleagues (2008), 
argue that eudaimonic behaviours reflect deeper psychological processes and are more relevant to 
the promotion of well-being over time (Steger et al., 2008), whereas those who are more 
hedonically driven (i.e., pleasure-seeking) tend to have poorer emotional well-being in the long 
term. Further, when considering measures of hedonic well-being and eudaimonic well-being, it 
could be that hedonic outcomes are more sensitive to temporal changes occurring throughout the 
day. For example, it could be that ratings of ‘happiness’ or ‘sadness’ could be more easily 
influenced by the state of mind or external environment during the completion of the daily dairy, as 
opposed to rating engagement in creative activities (for example) that may less amenable to these 
recency effects. Another relevant factor is that the intervention study utilised an significantly 
shortened 6-item version of the mood circumplex (with only 3 items capturing PA) which may 
have compromised its sensitivity and specificity as a measure of affect. Whereas, Study 1 and 
Study 3 found significant associations with positive affect when using the 18- and 24-item versions 
of this measure, and this may be a better reflection of the link between FVI and hedonic outcomes. 
One of the most well supported findings in the literature is the relationship between FVI 
and depression – a relationship that was inconsistently supported in this thesis. When using a 
correlational design and asking about ‘typical’ consumption (Study 3), FVI was associated with 
depressive symptoms; whereas, the intervention utilising a micro-longitudinal, daily-dairy 
methodology (Study 2) failed to find any causal relationship between FVI and depressive 
symptoms. There are a number of potential explanations for these findings. Firstly, participants in 
the intervention were a non-distressed sample and perhaps no effect was seen for depressive 
symptoms because they were not clinically depressed. However, this explanation is somewhat 
limited by the relatively high levels of depressive scores amongst this population, which were often 
approaching or even surpassing clinical cut-off scores. Secondly, these distinct pathways through 
which FVI influences ill-being versus well-being could have different levels of importance and 
salience based on age. For example, Jacka and colleagues (2014) found that older participants, but 
not younger, showed associations between diet and depression; and the authors suggested that 
cumulative effects of a high-quality diet over time buffers against depressive symptomology in 
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later adult years.  By this logic, the young adult population in the present thesis may be too young 
(and too healthy) to see FVI play a role in the protection against mental ill-being. Lastly, there may 
be distinct pathways through which FVI influences mental ill-being versus mental well-being, and 
that the consumption of FV is more powerful or efficient in systems involved in the regulation of 
well-being. Given the strong and unique links between FVI and mental well-being seen in both the 
literature and the current thesis, it could be argued that the effects of FVI are simply stronger in 
influencing these positive states of well-being; however, not all studies have shown this (Jacka et 
al., 2017). 
As mentioned previously, I also hypothesised that there may be an effect of timescales 
occurring.  Much of the literature promotes the relationship between FVI and depression using 
observational and longitudinal designs (over months or years), suggesting that the consumption of 
FVI may impact depressive symptomology over a longer period of time. Given that commonly 
prescribed anti-depressants often require at least six weeks in order to establish any noticeable 
change within an individual (Blier & Montigny, 1998; Pigott, Leventhal, Alter, & Boren, 2010), it 
could be that the duration of my RCT at 2 weeks was simply too short to see any reduction in self-
reported depressive symptomology. However, there is a plausible explanation for the simultaneous 
improvement in eudaimonia, in the absence of improvement in depression or anxiety.  It could be 
that the accumulation of small daily changes in well-being - such as vitality, flourishing, and 
engaging in behaviours that promote eudaimonia – builds resilience and provides protection against 
mental ill-being over time. This is somewhat supported by the literature. It has been shown that 
feelings of eudaimonia and engaging in behaviours that promote these states of well-being (e.g., 
creative activities), have been associated with lower rates of depression (Schotanus-Dijkstra et al., 
2017), and in fact, one of the most common behavioural treatments for depression is ‘behavioural 
activation’, which suggests that a reduction of depressive symptomology is associated with an 
increase in day-to-day enjoyable and fulfilling activities (Chartier & Provencher, 2013). So, while 
small changes in well-being are established on a day-to-day basis, it may take longer than two 
weeks for the accumulation of these changes to be translated into significant and consistent 
reductions in depressive symptoms.  
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What is interesting is the pattern of findings that has emerged across studies that utilise 
daily diary methodologies (Study 1; Study 2; Chan et al., 2015; White et al., 2013) compared to 
more traditional designs. All daily diary studies investigating the role of FVI in mental health have 
found stronger associations for positive aspects of mental well-being, compared to ill-being 
outcomes, such as negative affect and depression. Whereas studies utilising nutrition assessments 
as a one-off (i.e., ‘typical’ consumption), or over a longer time period (i.e., ‘in the last month’) 
appear to find significant relationships with measures of ill-being, including my own findings in 
Study 3. While there are still only four daily diary studies, the pattern is relatively clear, and 
suggests there may be something about the unique ‘tracking’ methodology that is distinctly 
different from assessments asking about ‘typical’ consumption. Again, there could be an effect of 
time scales occurring. Tracking methodologies are highly sensitive to smaller temporal changes, 
and may capture the relationship between (for example) what you had for breakfast and how you 
feel later on, or tomorrow. In this sense, this tracking methodology may encompass the way in 
which food acts on the body more immediately; whereas, correlational designs capture how various 
intake of healthy or unhealthy foods influences the way someone feels more generally, that is, 
experiences that are summated over a longer period of time. It could be that daily FVI has more 
immediate effects on aspects of well-being (captured by the daily-diary methodology), and that the 
accumulation of these changes over time contribute to the reduction of mental ill-being (captured 
by correlational designs).  
Alternatively, it could be that daily diary methodologies and more traditional assessments 
are assessing inherently different relationships due to the difference in nutrition assessment. Due to 
the fact that asking about ‘typical’ consumption forces individuals to rely on heuristics and fallible 
memory processes (Polak et al., 2015; Thompson & Byers, 1994), it could be that an estimate of 
‘typical’ intake becomes more of a proxy measure of self-perceived health, rather than a highly 
accurate estimate of FVI. Given that ill-being, such as depression is strongly correlated with self-
perceived health (Ambresin, Chondros, Dowrick, Herrman, & Gunn, 2014), this could explain why 
negative affect or depression and FVI are often associated when assessing ‘typical’ consumption, 
whereas daily diary studies and other methodologies with more accurate dietary assessments, are 
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not. In this sense, the previous conclusions are still valid, in that FVI may impact mental well-being 
more strongly than ill-being - at least for non-clinical young adult samples - and this is showcased 
by studies that utilise more accurate methods of measuring FVI. However, some studies with close 
to real-time assessments (including 24-hour recalls) have shown significant associations with 
measures of mental ill-being, so this may not entirely explain the pattern of findings. Regardless, 
this highlights the need for accurate and valid assessment methods that provide insight into true 
dietary patterns.  
8.2. Fruit and vegetable intake and mental health – a causal relationship?  
Another limitation highlighted in the literature was the paucity of randomised controlled 
trials (RCTs) that investigated the relationship between FVI and mental health outcomes. The 
findings from the RCT presented in this thesis suggested that being provided with daily servings of 
FV can translate into small improvements in mental well-being in just two weeks, but not factors 
related to ill-being including depressive symptoms and anxiety. It has been suggested that even +1 
additional servings of FV can have clinically significant benefits in regard to physical health (Hu et 
al., 2014; Wang et al., 2014). Similarly, it is likely that the small improvements in daily well-being 
seen in the intervention study reflect clinically meaningful gains to overall mental health. This is 
demonstrated in the longitudinal study by Mujcic and Oswald (2016), who pointed out that gains of 
+0.24 points in life satisfaction seem relatively small but are comparable to the life satisfaction 
gains of an individual moving from unemployment to employment. Furthermore, the gains 
observed by Mujcic and Oswald (2016) occurred over the course of 24 months and were seen in 
those moving from the lowest level of consumption to the highest. The gains in flourishing, vitality, 
motivation, creativity, and curiosity observed in the current thesis were comparable to these small 
but significant increases in well-being and were achieved over a much briefer period of time (two 
weeks), and following smaller increase in FVI (approx. +1 serving).  This suggests a level of 
mental health improvement that is clinically significant, especially if sustained over a long period 
of time.  
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My thesis also provides preliminary evidence that the mental health conferring benefits of 
FVI may be primarily driven by fruits and vegetables eaten in their raw or unmodified form.  This 
distinction between raw versus more processed or cooked forms of FV began as a puzzling finding 
from the RCT: Despite both experimental groups reporting significant increases in daily FVI, only 
those who were given the FV to eat reported mental health gains. The lack of mental health gains 
for the EMI condition, despite equivalent increases in daily FVI, prompted the question about the 
type, quality, and preparation method of FVI and how this might affect mental health gains. When 
queried retrospectively about what they ate and how they ate it, participants in the FVI condition 
reported eating their produce raw as snacks, and those in the EMI condition reported eating their 
FV cooked.  As such, a follow-up study was conducted to explore whether raw FVI might have 
stronger associations with mental health than more cooked or processed forms. This capstone study 
also allowed me to refine my methodological approach, with the inclusion of additional covariates 
in the final analyses. When investigating raw versus cooked/canned/processed FV separately, raw 
FVI predicted a wide range of mental health outcomes – an association which did not exist for 
cooked/canned/processed FVI.  This finding provides preliminary evidence that the mental health 
conferring benefits of FVI may be primarily driven by fruits and vegetables eaten in their 
unmodified form. These findings provide a plausible explanation for why those in the FVI 
condition, but not the EMI, achieved well-being gains; however, these conclusions remain 
preliminary given the limitations of the correlational design. Experimental research is required to 
confirm this hypothesis – that raw FVI may play a substantially larger role in the prediction of 
mental health. Thus, a natural next step in this research would be to design a randomised controlled 
trial in which one condition were instructed to eat raw fruits and vegetables, compared to a 
condition instructed to eat cooked fruits and vegetables, versus a no change or waitlist control 
group. 
8.3. Fruit and vegetable intake and potential mechanistic pathways 
The hypothesis outlining that changes in mental health outcomes would be mediated by 
changes in biomarkers was not supported by the current thesis.  However, despite vitamin C and 
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carotenoids being implicated in various neurotransmission systems involved in mood (Kaplan et 
al., 2007) and being the most consistently responsive biomarkers in FVI studies (Baldrick et al., 
2011), these single nutrients are unlikely to fully explain the relationship between FVI and changes 
in mental health. Rucklidge and colleagues (2013) warn against ‘magic bullet thinking’, and 
encourage researchers to take a broader approach when investigating micronutrients. It could be 
that vitamin C and carotenoids play important roles in the relationship between FVI and mental 
health, but that these reflect only a small part of the picture, and that additional nutrients such as 
vitamin E, iron, potassium, and folate (and many others), are also important.  From an even wider 
perspective, increased FVI impacts a broader diet profile through high fibre, water content, and 
favourable energy density (Woodside et al., 2013). Further still, through means of displacement, 
greater levels of FVI could mean less processed, high-sugar, high-fat foods which have been shown 
to negatively affect mental health (Rahe et al., 2014). It is likely that the relationship between diet 
and mental health is significantly more complex than able to be addressed by this thesis, and that 
focussing too heavily on one process to explain this relationship is discouraged. While efforts have 
been made to contribute to the potential biological understanding in this thesis, there is still a 
growing call for research that more extensively investigates these mechanistic pathways.    
Additionally, the consideration of non-biological mechanisms (i.e., psychological 
expectancies) is considered a major strength of the current research and reflects a potential 
confound that has not featured in any other studies (to my knowledge). This thesis suggests that the 
relationship between FVI and mental health is not reflective of psychological beliefs (a 
psychological placebo of sorts), as it does not appear to be driven by the expectation that eating a 
certain way will improve mental health. However, given that the inclusion of this type of variable is 
relatively novel, the questions were non-validated; therefore, I cannot conclude for certain whether 
these questions tapped into relevant psychological expectancies. Nevertheless these questions 
assessed a range of potential expectancies, reflecting some themes outlined in the focus groups, and 
therefore, they likely had at least moderate validity. Psychological expectancies and placebos, more 
generally, can be powerful (Boot, Simons, Stothart, & Stutts, 2013), and the lack of involvement of 
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psychological expectancies in the current thesis only serves to strengthen the suggestion that there 
is a direct relationship between FVI and mental well-being.  
8.4. Strengths and Weaknesses 
 A major strength of this thesis is the inclusion of a range of methodological approaches, 
allowing for a comprehensive review of the relationship between FVI and mental health.  The 
multi-method approach incorporated daily diary, observational, qualitative, theoretical, 
experimental, and large-scale survey designs. Furthermore, much of the longitudinal and 
experimental research (that could speak to directionality) has incorporated psychological measures 
only as secondary or tertiary outcomes. By contrast, this thesis provided insight into the 
relationship specifically between FVI and mental health, meaning that the choice of assessment 
measures was specific, comprehensive, and reflective of the World Health Organisation’s 
conceptualisation of mental health spanning both ill-being and well-being outcomes. The use of 
daily diaries in the first two empirical studies is also considered a major strength, as this 
methodology has shown to reduce the reliance on heuristics and fallible memory processes (Conner 
& Barrett, 2012; Thomas & Byers, 1994). Finally, the rationale for this thesis was to address major 
limitations in the literature, meaning that the subsequent body of work reflected important, novel, 
and substantive work that continues to push and develop the understanding in this area.  
 This thesis is not without limitations. Collectively, this sample of young adults has been 
largely homogenous, with a high proportion of educated, high-SES, Caucasian females. However, 
the inclusion of the more heterogeneous MTURK participants in Study 3 was an attempt to broaden 
the sample demographics. Given that the literature has highlighted some differential results based 
on gender, ethnicity, and age (see Chapter 1), it could be that the intervention may have impacted a 
more heterogeneous group in different ways. This limits the generalisability of the current findings. 
Future research should incorporate a wider range of participants, especially from populations that 
experience greater health difficulties. Secondly, the short term intervention with little formal 
follow-up restricts some of the conclusions that can be drawn about the influence of FVI on mental 
health. While the literature suggests that small changes are more sustainable over time (Hill, 2008), 
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it remains unknown whether the modest increases in daily FVI or the small daily changes in well-
being were maintained after the two-week intervention. Lastly, while this thesis largely capitalised 
on assessment methods that are considered close to real-time, there were a number of occasions 
whereby participants were required to reflect on dietary behaviour in ways that are susceptible to 
inaccuracies and memory biases. The post-hoc follow-up study following the intervention was 
disseminated approximately three months after participants had completed the RCT, which is a 
substantial time frame to reflect on specific instances of behaviour.  Similarly, participants in Study 
3 were asked to reflect on ‘typical’ consumption, which has inherent limitations.   
8.5. Applications/ Implications 
The main implication for this thesis is that the promotion of FVI could provide a valid 
means of mental health promotion, especially as an adjunct for more traditional behavioural and 
psychopharmacological approaches. Given that the use of anti-depressants have a myriad of side 
effects (Khawam, Laurencic, & Malone, 2006), some more critical in younger populations (Barbui, 
Esposito, & Cipriani, 2009), a return to more basic, lifestyle changes is likely to promote both 
physical and mental health improvement in healthy, safe, and accessible ways. By no means is fruit 
and vegetable intake suitable as a replacement for current mental health treatment approaches; 
however, lifestyle changes such as dietary change may be suitable as an adjunct to traditional 
treatment or for the maintenance of mental well-being in healthy populations. Furthermore, the 
findings from the current thesis suggest that increases of as little as one serving of raw FV a day 
translates into meaningful mental health  gains, and that these changes can occur relatively rapidly. 
Mental health is often conceptualised only in relation to its negative aspects, and that is where 
intervention efforts have been concentrated. Historically, there has been little consideration of how 
mental health can be seen as an overall positive state which requires nurturing through the 
promotion of positive mental well-being (Mental Health Foundation of New Zealand, 2010). With 
depression expected to be the largest contributing factor to global disease burden by 2030 (WHO, 
2008), we need more tools to prepare individuals for growing pressures associated with 
technological change, financial difficulty, impoverishment, and global events which impact our 
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lives but remain outside of our control (Mental Health Foundation of New Zealand, 2010). Mujcic 
and Oswald (2016) identify that food is a “form of investment in future happiness and well-being” 
(p. 1509), and the current thesis supports the idea that promotion of mental well-being – through 
lifestyle changes such as FVI - may provide a promising route of health improvement.  
In regards to future policy, it may be that a ‘small changes’ health campaign may be 
beneficial especially for low-FV-consuming groups, such as young adults. As with other difficult 
health behaviours (e.g., obesity), a small changes approach has shown significant gains over the 
long-term by promoting small but sustainable changes over time. Additionally, policies may also 
incorporate the findings from the follow-up study that highlight the prominent role of raw FVI, 
rather than cooked/canned/processed FVI. While this still needs further research, health campaigns 
and policies could predominantly promote raw FVI, or highlight preparation and storage methods 
that are less likely to degrade important micronutrients. Finally, global campaigns aimed at 
increasing FVI often reflect an ‘information is power’ ethos and largely consist of educative 
programmes operating through child health and wellness services, schools, communities, and 
public service television ads (Pomerleau et al., 2005).  However, this research suggests that simply 
educating people about FV and reminding them to eat their recommended daily intake may not be 
sufficient in ensuring the wider population reaps the psychological benefits. It is already 
established that successful interventions tend to be more personal and more intensive (Pomerleau et 
al., 2005), but perhaps greater emphasis needs to be placed on actually providing people with fresh 
FV (stocking more FV in halls of residence, cafeterias, workplaces, substituting fruit for dessert, 
and offering free fruit for people when they shop).  
While unintended, the current thesis sheds light on a problematic pattern of both nutrition 
and mental health specific to a young adult population. Even with reminders, vouchers, or giving 
participants an additional two daily servings of FV, less than 15% of the low-FV-consuming RCT 
sample was able to increase their daily consumption to 5 servings per day; highlighting that even 
minimum requirements pose a challenge for this group.  In fact, the recommended minimum daily 
intake in some countries is now considered to be much higher than this – around 7 to 8 servings of 
FV per day (U.S. Department of Health and Human Services and U.S. Department of Agriculture, 
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2015). This New Zealand sample of young adults was consuming less than half of this, putting 
them at serious risk of experiencing the adverse health consequences of a diet insufficient in FV 
and associated micronutrients.  
Similarly, it should also be considered that the levels of poor mental health within this 
young adult sample require urgent attention. Young adults are considered at high risk of having 
poor mental health (Johnston et al., 2014), and the current sample was no exception. For example, 
in the follow-up study (Study 3), the mean depression score for the sample (M = 17.53) was above 
the 16-point clinical cut-off point on the CES-D, suggesting that young adults typically experience 
some symptoms of depression. The fact that this clinically significant level of depression was seen 
in the American sample (M = 18.07) and was virtually apparent for the New Zealand participants 
(M = 15.90), suggests that this phenomenon of young adult mental ill-health is pervasive, and does 
not necessarily reflect geographical or cultural environments. Given that young adults have high 
vulnerability to suffering from mental illness, and they also have the lowest FVI, the current results 
reaffirm young adults as an important population to target for mental health interventions, 
including those designed to improve diet.  
8.6. Conclusion 
This thesis provides increasing support for the idea that what you eat has influence over 
how you feel. While the literature has previously focused on the prevention of mental ill-being, this 
thesis provides some of the first evidence to suggest that FVI has a unique, direct, and causal 
impact on the mental well-being of young adults. With rates of mental illness at an all-time high, 
changes in lifestyle factors such as increasing FVI could offer a reprieve. By capitalising on the 
potential psychological gains associated with diet change, young adults can make steps to 
reclaiming their mental well-being through small day-to-day changes that are achievable and may 
be sustainable over long periods of time. Such nutritional psychiatry strategies offer safe, cost-
effective, and accessible ways of improving mental health and could act as an adjunct to traditional 
face-to-face or pharmaceutical treatments. While these findings remain preliminary, they are 
promising and warrant additional experimental research to understand the nuances of this 
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Appendix 1: Full list of literature reviewed studies 
Table A1.1. Observational studies of diet/ FVI and ill-being 
Authors (country) Study 
design 
Sample details Diet Assessment Psychological 
Assessment 
Results Outcome 




Cohort N = 10,602 men 
(aged 50-59) 
FFQ including 
consumption of: fruit 
(including juice), raw 
vegetables, and cooked 
vegetables 
A self- report 
questionnaire based on 
the depression sub-scale 
of the MMPI  
Greater depressed mood is associated with 
lower intakes of fruit and raw vegetables, 
but not cooked.  
MIXED 
Beydoun and 
Wang 2010 (USA) 
CS N = 2217 (aged 20-
39 years) 
24-hour recall using HEI-
2005 (higher scores 
indicate greater diet 
quality) 
CIDI 2.1 Diet quality was not related to major 
depressive disorder 
NULL 
Blanchflower et al., 
2013 (UK) 
CS N = 14,000 adults 
(Welsh Health 
Survey of 007-2010) 
n =   50,000 adults 
(Scottish Health 
Survey of 2008) 
n =  14,000(Health 
Survey of England in 
2008) 
Daily portions of fruit and 
vegetables consumed 
(data extracted from 
National Health Surveys)  
GHQ 
Single item measures: 
nervousness and feeling 
downhearted and low (in 
the past 4 weeks) 
 
(see Table 4 for well-
being measures) 
General mental health (GHQ) scores 
increase with each additional serving of 
FV, but plateaus once an individual reaches 
5 portions.  
Using single item measures, well-being 
peaks at 4-5 portions for nervousness 
measure, and 7-8 portions for the 
downhearted measure.  
 
(see Table 4 for well-being outcomes) 
SIG 
Cartwright et al., 
2003 (UK) 
CS N = 4,320 
schoolchildren (mean 
age=11.83 years) 
Single item questions 
based on validated 
measure: “How many 
servings of 
[fruit/vegetables] do you 
usually eat in a day?”  
PSS (4 items) A trending relationship for FVI and stress 
whereby high stress was associated with a 
reduced likelihood of reaching 5+ a day, 
compared to least stressed children 
(OR=0.78) 
MIXED 
Crichton et al 2013 
(Australia)  
CS N = 1183 (aged 40-
65 years)  
FFQ (215 items) to assess 
determine Mediterranean 
diet score. From the FFQ 
they derived a ‘plant 
foodsFV’ group made of 
fruits, vegetables, 






No association between MedDiet score and 
psychological functioning. Plant food 
intake was positively associated with 
vitality, and inversely related to depression, 
anxiety, and stress (but not mental health 
subscale of SF-36).  
MIXED 
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El Ansari et al., 
2014 (UK) 




Non-validated FFQ (12 
groups), including 
consumption of: fresh 
fruits, salad/raw 
vegetables, and cooked 
vegetables 
PSS (4 items) 
Modified BDI 
Consumption of salad/raw vegetables was 
inversely associated with stress and 
depression for both males and females. 
Fresh fruits and cooked vegetable 
consumption was inversely associated with 
depression for males and both depression 
and stress for females.  
MIXED 
El Ansari et al., 
2015a (Finland) 
CS N = 1189 students in 
Finland 
Non-validated FFQ (12 
groups) to derive two 
patterns: unhealthy 
(sweets, cake/cookies, 
and snacks), and healthy 
(fresh fruits, salad/raw 
vegetables, and cooked 
vegetables). Also 
reported analysis of 
single items and a dietary 
guideline adherence index 
score (from FFQ). 
PSS (4 items) Increased dietary adherence was associated 
with decreased stress. The healthy intake 
pattern was associated with reduced 
perceived stress in males and females, and 
this was most pronounced for those in 
overweight individuals. Specifically, 
intakes of fresh fruits, raw and cooked 
vegetables was associated with decreased 
stress in females, whereas only cooked 
vegetables was associated with decreased 
stress in males 
SIG 
El Ansari et al., 
2015b 
-same sample as 
above 
CS Same as above Same as above Independently 
constructed assessment 
of health complaints. 
Psychological subscale 
(9 items) included: 
depressive mode, 
nervousness/ anxiety, 
mood swings, difficulties 
to concentrate, fear/ 
phobia, sleep disorders/ 
insomnia, nightmares, 
fatigue, lack of appetite.  
High levels of psychological symptoms 
were associated with decreased 
consumption of fruit, and raw and cooked 
vegetables.  
SIG 
Ford et al., 2013 
(USA) 
CS N = 9255 adults 
(mean age=62.3 
years) 
Validated FFQ (including 
13 vegetables and 19 
fruits), designed for 
assessment of largely 
vegetarian populations 
PANAS Intake of fresh fruit and vegetables were 
positively associated with positive affect 
and inversely associated with negative 
affect (more pronounced in females).  
SIG 
Gopinath et al. 
2016 (South Asia) 
CS N = 2334 (aged +55 
years) and 1952 
(aged +60 years) 
Semi-quantitative FFQ to 
derive FVI servings 
Antidepressant use 
SF-36 
CES-D (10 item) 
Fruit and vegetable intake were 
individually associated with reduced odds 
of depressive symptoms, which was most 
prevalent for the highest levels of 




Jacka et al., 2010a 
(Australia) 
CS N = 1046 women 
(aged 20-93) 
Validated FFQ (80 items) 
to derive diet quality 




modern patternFV  
SCID-I/NP – anxiety and 
depressive disorders 
GHQ-12 
Traditional diet showed lower odds for 
MDD (OR=0.65) and anxiety (OR=0.68). 
No association for modern diet. Inverse 
association between diet quality and GHQ-
12 scores.  
MIXED 
Jacka et al., 2011a 
(Australia) 
CS N = 714 (aged 20-94 
years) 
Validated FFQ to derive 
diet quality score and 
dietary patterns using 
PCA:  
Western, traditionalFV, 
and modernFV  
SCID-I/NP – bipolar 
affective disorder 
 
No association between diet quality and BD 
A traditional dietary pattern was associated 
with reduced odds of BD 
A modern diet was associated with greater 
odds of BD 
MIXED 
Jacka et al., 2011b 
(Norway) 
CS N = 5731 (aged 46-
49 or 70-74) 
Validated FFQ (169 
items) to derive diet 
quality score, and dietary 




pattern based on PCA 
HADS depression 
subscale (cut off >8) 
Higher diet quality inversely associated 
with depression and anxiety in women 
(OR=0.71 and 0.77), and to depression in 
men (0.83). Healthy and Norwegian diets 
had mixed associations with odds of 
depression and anxiety for men and 
women.  
MIXED 
Kiviniemi et al., 
2011 (USA) 
CS N = 6587 white, 




Telephone or mail survey 
question asking about 
daily cups of fruit and of 
vegetables consumed 
K6 K6 scores were inversely related to intake 
of FV, but only for white and Hispanic 
individuals, not African American.  
MIXED 
Klassen et al., 2009 
(USA) 
CS N = 156 African 
American women in 
public housing (aged 
20-50) 
Three 24-hour recalls 




2005 to assess for diet 
quality 
CES-D (cutoff >15) 
Non-validated measure 
of stressful events (in 
past year: 11 items) 
Poorer diet quality was related to 
depressive symptoms  
SIG 
Konttinen et al., 
2010 
CS N = 1679 Finnish 
men and 2035 
women (aged 25-64 
years) 
Validated FFQ (132 
items) to measure FVI, 
non-sweet energy dense 
foods, and sweet energy-
dense foods 
CES-D presented as 
quartiles.  
Higher depressive symptoms were related 
to lower FVI for both men (OR=0.66) and 
women (OR=0.62) 
SIG 
Kronish et al., 2012 
(USA) 
 
CS N = 20,093 adults 
(aged >45 years) 
Self-developed dietary 
criteria (based on 
FFQ:109 items): fish 
consumption ≥2 
CES-D (4 items only)  Those who had depressive symptoms 
consumed significantly fewer cups of FV 
per week than those without depressive 
symptoms (4.0 cups vs 4.4 cups, p<0.01) 
SIG 





cups/day, sodium intake 
<1500 mg/day, sugar 
<450 kcal/week, and 
fiber/carbohydrate ratio 
>0.1 
Kulkarni et al., 
2015 (NZ) 
CS N = 4249 students 
(mean age=15.2) 
A questionnaire designed 
for the OPIC study with 
scale to evaluate healthy 
(including FVI) and 
unhealthy eating behaviours 
separately.  
PedsQL Both healthy and unhealthy eating were 
independently associated with the 
emotional health scale of the PedsQL 
(p<0.001) 
SIG 
Kuczmarski et al., 
2010 (USA; same 
sample used by 
Beydoun 2009, 
2010) 
CS N =1118 (aged 30-64 
years) 
24-hour dietary recalls 
Diet quality assessed HEI-
2005 
CES-D Diet quality was inversely related to 
depressive symptomology (attenuated 
somewhat by income) 
SIG 
Liu et al., 2007 
(China) 




FFQ including fresh fruits 
(including juice),  
PSS (5 items only) 
CES-D (3 items only) 
 
Fruit consumption was inversely associated 
with self-perceived stress and depression  
SIG 




CS N = 1190 community 
dwelling older adults 
(>65 years) 
FFQ (items unknown) to 
determine Mediterranean 
Diet Score (MDS) 




There was no association between diet 
score and depressive symptomology 
NULL 
McGuire et al., 
2007 (USA) 
CS N = 52,600 adults 
(+65 years) 
Single item of FV 
consumption (whether 
individuals consumed as 
least 5 servings of FV per 
day, answered Yes/ No). 
Participants were asked 
how many days during 
the past 30 days that 
their mental health was 
not good. Frequent 
mental distress (FMD) 
was characterised by <14 
days of distress in the 
past month. 
Older adults who did not consume at least 5 
servings of FV/day were more likely to 




McMartin et al., 
2013a (Canada) 
CS N = 296,121 (aged 
>12 years) 
Total FVI was assessed 
by combining the 
responses to questions 
regarding consumption 
frequency of fruit 
(excluding juices), green 
salad, carrots, other 
vegetables (excluding 
potatoes, carrots, or 
salad). Consumption was 





Across five waves of data, FVI was 
significantly associated with lower odds of 
a depression diagnosis (OR=0.72), and 
lower odds of suffering from psychological 
distress (OR=0.87). Poor self-perceived 
mental health and self-reported history of 
mood/anxiety disorder diagnosis were also 
inversely related to FVI.  
SIG 
McMartin et al., 
2013b 
(Canada) 
CS N = 6528 Canadian 
children (aged 10-
11) 
Validated FFQ (for youth 
and adolescents) to derive 
a validated diet quality 
score.  
“feelings of worry, 
sadness or unhappiness” 
from the EQ-5D-Y 
Diet quality was significantly associated 
with negative feelings: for a 10% increase 
in diet quality score, the odds of feeling 
worried, sad or unhappy decreased by 
approximately 10% 
SIG 
Meyer et al., 2013 
(Australia) 
CS N = 10986 (aged 18-
79 years) 
24-hour recall; FFQ 
(items unknown) 
Self-reported physician 
diagnosis of depression 
Regression models indicated that increased 
intake of vegetables was associated with 
lower odds of having depression 
SIG 
Mikolajczyk et al., 
2009 (Europe)  
CS First-year university 
students (n =  696 
German, n =  489 
Polish, and n =  654 
Bulgarian) (mean 
age=20.6 years) 
FFQ (12 items) including 
fresh fruit, salad, cooked 
vegetables combined into 
a FV subscale 
PSS 
Modified BDI (M-BDI) 
Perceived stress and depression were 
associated with less frequent consumption 




CS N = 12,380 (aged 15-
93) 
Assessed how many days 
in a usual week an 
individual would consume 
fruit (including tinned, 
frozen, dried, and fresh), 
and vegetables (including 
tinned, frozen, and fresh). 
Followed with “On a day 
when you eat fruit/ 
vegetables, how many 
serves of fruit do you 
usually eat?” 
SF-12 (composite of 
Mental Health, Role 
Emotional) 
K10 
History of diagnosed 
anxiety or depression 
 
(see Table 4 for well-
being measures) 
Only fruit consumption was associated with 
psychological distress (K10) 
Role Emotional scale was associated with 
both fruit consumption (optimal at 3-4 
portions) and vegetables (optimal up to 5 
portions) 
Mental Health index of the SF-36 was 
associated with fruit consumption (but not 
vegetable consumption), peaking at 4-5 
servings per day.  
Only the lowest level of fruit (1-2 servings) 
consumption was associated with a 
diagnosed disorder of anxiety or 
depression. No level of vegetable 
consumption was associated with diagnosed 
MIXED 




(see Table 4 for well-being outcomes) 
Nanri et al., 2010 
(Japan) 
CS N = 521 Japanese 
employees (aged 21-
67 years) 
BDHQ (56 items) to 
derive dietary patterns 
using PCA: 
Healthy Japanese 
patternFV, animal food 
diet, Westernised 
breakfast pattern  
CES-D (cut off >16) Inverse association between Healthy 
Japanese diet and depressive symptoms 
(OR highest vs. lowest tertile = 0.44) 
SIG 
Oellingrath et al., 
2014 (Norway) 
CS N = 1095 (aged 12-
13) 
FFQ (40 items). Four 
dietary patterns were 




pattern, and ‘dieting’ 
pattern.   
SDQ (P4–16) No influence of diet on likelihood of 
anxiety or mood disorders. However, those 
with high adherence to a varied Norwegian 
diet (rich in FV) were less likely to have 
indications of hyperactivity. 
 
MIXED 
Pagoto et al., 2009 
(USA) 
CS N = 210 Latinos at 
risk for T2DM (mean 
age=52 years) 
Three 24-hour recalls to 
derive the AHEI-2000 
diet quality score 
(excluding multivitamin 
score) 
CES-D (>16) Inverse association between diet quality 
score and depressive symptomology.  
SIG 
Papier et al., 2015 
(Austral ia) 
CS N = 728 first year 
university students 
(>18 years old) 
Self-administered 7 day 
FFQ (CSIRO). Frequency 
intake ranged from never 
to >3 times daily and 
included vegetables 




Negative dose-dependent relationships 
were shown between FV consumption and 
stress. Men reporting low levels of FVI 
were more likely to experience mild to 
moderate stress (OR=0.50). The same 
relationship was found in women 
(OR=0.78).  
SIG 
Pronk et al. 2011 
(USA) 
CS N = 34,603 American 
employees (mean 
age=46.2 years)  
Single item: how many 
servings o FV are 
consumed on a typical 
day. Data were split into 
two categories: those who 
consumed 5+ a day and 
those who did not 
Single item measures: 
Has a health care 
provider ever told you 
that you have 
depression? 
How often do you feel 
depressed? 
How stressful do you 
rate your life? 
How effectively do you 
deal with stress in your 
Employees who consumed 5+ servings of 
FV a day were 1.2 times less likely to be 
moderately affected by stress in their lives, 
and 1.1 times less likely to report feeling 
slightly affected. However, they were no 
less likely to report feeling extremely 
affected. Those who reached 5+ a day were 
less likely to report feeling depressed 
(OR=0.83), but not less likely to report high 





Ruiz-Cabello et al., 
2016 
CS N = 486 with 
fibromyalgia (35-65 
years) 
Short form of a validated 
FFQ. Outcomes were 
three levels of food 
consumption: a low-
consumption group (0-1 
servings per week), 
a moderate-consumption 
group (2-5 servings per 
week), and a high-
consumption group (daily 
or almost-daily servings) 
Mental health 




High consumption (daily or almost daily 
consumption) of FV was associated with 
higher mental health scores. Consumption 
of fruit and vegetables were inversely 
associated with depression scores. Eating 
fruit daily or almost daily was associated 
with a 60% lower risk of severe depression 
compared to the lowest consumption group. 
Consumption of vegetables, but not fruit, 
were positively associated with optimism.  
MIXED 
Samieri et al., 2008 
(France) 
CS N = 1724 
community-dwelling 
older adults (>65 
years) 
24-hour dietary recall and 
FFQ (148 items). Derived 
dietary patterns using 
cluster analysis: 
HealthyFV dietary pattern 
and a range of unhealthy 
dietary patterns  
CES-D (root transformed 
and used as continuous 
variable) 
After adjustment for SES, the inverse 
relationship between depressive symptoms 
and a healthy dietary pattern remained only 
of borderline significance (and only for 
women) 
MIXED 
Sugawara et al., 
2012 (Japan) 
CS N = 791 adults (22-
86 years) from  
BDHQ (56 items) to 
derive dietary patterns 
using PCA 
HealthyFV, Western, 
bread and confectionary, 
alcohol and 
accompanying. 
CES-D (>16 cutoff) No relationship between any dietary pattern 
and depressive symptomology 
NULL 
Suzuki et al., 2013 
(Japan) 
CS N = 2266 Japanese 
employees (aged 21-
65 years) 
BDHQ (56 items) to 
derive three dietary 





pattern, and Westernized 
dietary pattern.  
K6 (>5 cut-off for 
depressive symptoms, 
and >9 for probable 
mood/anxiety disorder) 
JCQ (assessing job strain 
and worksite support) 
Those scoring highly on the “balanced 
Japanese” dietary pattern were less likely to 
show probable mood/ anxiety diagnoses 
(K6 scores >9), even after adjusting for job 
stress factors. This diet was particularly 
protective for those with job strain and low 
workplace support.   
SIG 
Tagney et al., 2002 
(USA) 
CS N = 117 female 
breast cancer patients 
FFQ analysed using HEI-
2005 to determine diet 
quality 
CES-D (>16 cutoff) A negative correlation was observed 
between diet quality and depression scores 
(r = -0.22), but not specifically for 
vegetable or fruit consumption 
NULL 
Warner et al., 2016 CS N = 1,270 university Assessed frequency of NA assessed using No association between FVI and NA NULL 
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(US) students (aged 18-25) several different fruits 
and vegetables (not 
including fruit juice or 




(see Table 4 for well-
being measures) 
 
(see Table 4 for well-being outcomes) 
Yannakoulia et al. 
2008 (Greece) 
CS N = 853 (mean age= 
41 for men, and 37 
for women) 
Validated FFQ (156 
items) to derive dietary 




SPAI Dietary patterns rich in FVI were associated 
with lower STAI scores in both men and 
women. When looking at individual food 
groups, FVI was not related to anxiety.  
NULL 
CS = Cross sectional 
Diet assessment - FFQ (Food frequency questionnaire); BDHQ (Validated brief diet history questionnaire); PCA= Principal components analysis; HEI-2005 (Healthy Eating Index 2005);  
FV denoted a dietary pattern characterised by high intake of FV; AHEI-200 (Alternative Healthy Eating Index – 2000); DQI-I (Diet Quality Index-International); DHQ (Diet History 
Questionnaire); MDS or MedDiet or MedDietScore (Mediterranean Diet Score) 
Psychological assessment - K6 (Kessler – 6 items); K9 (Kessler – 9 items); SPAI (State-Trait Anxiety Inventory); CES-D (Centre for Epidemiological Studies Depression scale); BDI (Beck 
Depression Inventory); M-BDI (Modified BDI); SDQ-P4-16 (Strengths and Difficulties Questionnaire parental version; CIDI – 2.1 (Composite International Diagnostic Interview- Version 2.1); 
CIDI-SF (Composite International Diagnostic Interview-Short form): EQ-5D-Y (EuroQoL 5 Dimension Questions for Youth); JCQ (Job Content Questionnaire); GHQ-12 (General Health 
Questionnaire – 12 items); PSS (Perceived Stress Scale); SF-36 (Short Form Health Survey – 36 items); SF-12 (Short Form Health Survey – 12 items); STAI-Y (State Trait Anxiety Inventory – 
Youth); Rosenberg’s Self Esteem: PANAS (Positive and Negative Affect Schedule); SCID –I/NP (Structured Clinical Interview for DSM – non-patient edition); SMFQ (Short Mood and 
Feelings Questionnaire); HADS (Hospital Anxiety and Depression Scale); DASS-21 (Depression Anxiety Stress Scale – 21 item); WEMWBS (Warwick Edinburgh Mental Well-being Scale); 





Table A1.2. Longitudinal and prospective studies of diet/ FVI and ill-being 
Authors (country) Study 
design 
Sample details  Diet Assessment Psychological 
Assessment 
Results Outcome 
Akbaraly et al. 
2009 
P N = 3,486 (mean 
age=55.6 years) 
FFQ (127 items) to derive two 
dietary patterns using PCA: 
‘whole foodFV’ pattern, and 
‘processed food’ pattern.  
CES-D Participants in the highest tertile of ‘whole food’ 
pattern had lower odds of developing depression 5 
years later (OR=0.74). This remained significant 
after excluding those who reported depression at 
baseline (although this used different criteria – 
GHQ depression subscale and self-reported 
antidepressant use) 
SIG 
Blank et al., 2007 
(United Kingdom) 





Used data from existing 
national health surveys, diet 
quality was rated on a scale of 
one (low) to five (high) and 
was based on FVI (reflected 
UK guidelines to consume 5 
servings/per day) 
SF-36 A large positive change in diet quality over two 
years was associated with significant change in 
mental health. These changes were seen most 
prominently for the positive SF-36 scales including 
happiness, and peacefulness and calmness.  
SIG 
Chocano-Bedoya 
et al., 2013 (USA) 
P N = 50,605 
women (age 50-
77) 
FFQ (repeated every 4 years) 
to derive two dietary patterns 
using PCA: Prudent (high in 
vegetables), and Western 
 
Two definitions for 
clinical depression as 
follows: a strict 
definition that required 
both a reported clinical 
diagnosis and use of 
antidepressants, and a 
broad definition that 
further included 
women who reported 
either a clinical 
diagnosis or 
antidepressant use 
No association was found between the dietary 
patterns and the strict definitions of depression. 
Under the broad definition, depression was only 
associated with unhealthy dietary patterns (not 
healthy), and these were attenuated after 
adjustments for psychological measures at baseline.  
NULL 
Hodge et al., 2013 
(Australian) 
P N = 8,660 
Australian adults 
(aged 50-69) 
FFQ (121 items) to derive both 
a Mediterranean diet score 
(MDS), and two dietary 
patterns using PCA: ‘modified 
Mediterranean’ diet (including 
fruit and salad vegetables) and 
‘Australian’ diet (including 
carrot, pumpkin, beetroot, 
K10 (cut off >19/20 for 
severe psychological 
distress) 
Inverse association between MDS and traditional 
Australian diets at baseline and psychological 
distress at follow-up, but not for the modified 
Mediterranean diet pattern. The highest quintile 
compared to the lowest was associated with a lower 
likelihood of psychological distress at follow-up for 
the ADP (OR=0.61), and MDS (OR=0.72). 
Psychological distress was not accounted for at 
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green beans and peas, and 
cauliflower and some fruit).  
baseline.  
Jacka et al., 2011c 
(Australia) 
P N = 3040 
adolescence (aged 
11-18 years old) 
Healthy and Unhealthy dietary 
scores were constructed by 
allocating points for adhering 
to good dietary practices (e.g., 
consuming two or more fruit 
serves per day; four or more 
vegetable serves per day; fruit 
and/or sandwiches as after 
school snacks) 
PedsQL Greater engagement with healthy dietary practices 
(eating two or more servings of fruit per day, four 
or more servings of vegetables per day, and 
snacking on fruit after school), predicted greater 
quality of life and emotional functioning at follow-
up two years later (but not vice-versa) 
SIG 
Jacka et al., 2013 P N = 2,093 children 
aged 11-12 
(follow-up at age 
13-14) 
Questions from Health and 
Behaviours of Teenagers 
Study (HABITS), and 
included consumption of fruit 
and vegetables, and regularity 
of eating breakfast. Answers 
were summed to give a 
healthy dietary score. Similar 
methods were taken for the 
unhealthy score but with fast 
food, snacks and biscuits high 
in fats and sugars.  
SDQ There was a prospective relationship found between 
the highest quintile of both healthy and unhealthy 
diet scores and mental health problems as measured 
by the SDQ however, these were attenuated after 
adjustments for confounders.  
NULL 
Jacka et al., 2014 
(Australia)  






FFQ to derive two dietary 
patterns using PCA: 
‘prudent’FV, and ‘Western’,  
Goldberg Depression 
Scale 
Results showed a protective value against 
depression across 8 years for high adherence to a 
prudent diet, but only for those aged 60+ (no 
protective value found for 20+ or 40+). These 
remained significant after controlling for baseline 
depression.  
MIXED 
Le Port et al., 2012 
(France) 
L N = 12,404 older 
adults (45 – 60 
years) 
FFQ (135 items) to derive 
dietary patterns for men (low-
fat, healthyFV, Western, fat-
sweet, and snacking), and for 
women (low-fat, healthyFV, 
traditionalF, snacking, animal 
protein, and dessert)   
CES-D The highest quartile of traditional diet (high in fruit) 
was associated with lower likelihood of depression 
over 10 years for women (OR=0.64). The highest 
quartile of healthy diet (high in fruit and raw and 
cooked vegetables) was associated with lower 
likelihood of depression over 10 years for women 
(OR=0.72), and men (OR=0.73). These were dose-
dependent associations, and maintained significance 
including only those free from depression at 
baseline.  
SIG 
Mihrshashi et al., P N = 6,271 (mean FVI was assessed using the CES-D (10 item) The odds of developing depression over six years MIXED 
212 
 
2015 age=55.45) following single-item 
questions: 
1. How many pieces of fruit do 
you usually eat per day?  
2. How many serves of 
vegetables do you eat every 
day? 
was significantly less in those women who ate >2 
servings fruit/ day compared to those who 
consumed fewer (OR=0.82). Vegetable 
consumption was correlated to depressive 
symptoms at intake, but did not prospectively 
predict the development of depression 
longitudinally 
Nguyen et al. 
(2017) 
CS/P N = 60,404 adults 
(aged +45 years) 
FVI was assessed using short 
validated questions:  
About how many serves of fruit 
do you usually have each 
day?’ One serve of fruit was 
defined as one medium piece 
or two small pieces of fresh 
fruit, or one cup of diced or 
canned fruit pieces.  
‘About how many serves of 
vegetables do you usually eat 
each day?’ One serve of 
vegetables was defined as half 
a cup of cooked vegetables 
(including potatoes) or one 
cup of raw vegetables (eg, 
salad). 
K10 (psychological 
distress indicated by 
scores ≥ 22) 
Cross-sectional analyses found FVI was 
consistently associated with lower levels of 
psychological distress. Longitudinally, after an 
average of 2.7 years follow-up, the association 
remained significant at low and medium levels of 
consumption, but was attenuated at the highest 
levels of consumption. There were gender 
differences in that associations were strongest for 
women, and no clear associations with incidence of 
psychological distress were seen for men.  
MIXED 
Pérez-Tasigchana 
et al., 2016 
L Cohort 1: N = 
2376 (follow up 2-
3 years) 
Cohort 2: N = 
1911 (follow up 2-
4 years)  
Cohort 1: FFQ to derive an 
index of Mediterranean diet  
Cohort 2: DHQ to derive a 




No association between adherence to a 
Mediterranean diet at baseline and mental health 
scores (using both SF-36 and SF-12), at follow up 2 
to 4 years later. 
NULL 
Rienks et al., 2013 P N > 40,000 
women (aged 18-
23; 45-50; 70-75) 
FFQ developed for Australian 
adults to derive diertary 
patterns including: ‘cooked 
vegetables’FV, ‘fruit’FV, and 
‘Mediterranean styleFV’ 
CES-D (10 item) In women free from depression at baseline, only a 
Mediterranean style diet was cross-sectionally and 
prospectively associated with depressive symptoms 
three years later. A dose response was seen, 
whereby women in the highest quartile of this 
dietary pattern were less likely to report subsequent 
depressive symptoms compared to women in the 
lowest quartile (OR=0.63). ‘Cooked vegetables’ and 
‘fruit’ patterns were not associated.  
MIXED 
Sanchez-Villegas 
et al., 2015 (Spain)  
L N = 15,093 Semi-quantitative FFQ 
determined adherence to three 
diet quality scores and 
Depression assessed 
using self-reported new 
clinical diagnosis of 
Inverse associations were found between all three 
dietary scores and risk of incident depression over a 
median follow up of 8.5 years (for those free of 
SIG 
FRUIT, VEGETABLES, AND MENTAL WELL-BEING   213 
 
 
patterns: Mediterranean Diet 
Score (MDS), Pro-vegetarian 
dietary pattern (PDP), and 
AHEI-2010  
depression by a 
physician or the 
initiation of anti-
depressant use during 
follow-up.  
depression at baseline). Comparing those in the 
highest quintile of adherence at baseline compared 
to the lowest the hazard ratio (HR) for depression 
risk was 0.78 for the PDP,  0.70 for MDS, and 0.72 
for AHEI-2010 
Skarupski et al., 
2013 (USA) 
L N = 3502 
community 
dwelling older 




Semi-quantitative FFQ to 
derive MedDietScore 
CES-D (10 item) MedDietScore was inversely associated with the 
risk of developing depressive symptoms over an 
average of 7.2 years. The annual rate of developing 
depressive symptoms was 98.6% lower amongst 




P N = 250 (15-17 
year olds) 
Daily frequency of FVI using 
data from national surveys, 
split into tertiles (low, 
moderate, high)  
K6 (cut-off for poor 
mental health was 5+) 
No significant associations were found between 
fruit and vegetable consumption at baseline and 
poor mental health at follow-up 6 years later 
NULL 
Trapp et al., 2016 P N = 746 (assessed 
at 14 and followed 
up at 17) 
FFQ (212 items) derive two 
dietary patterns using factor 
analysis: a HealthyFV pattern, 
Western pattern 
YSR No statistically significant associations were found 
between dietary patterns at 14 years and 
externalising or internalising behaviours at 17 years 
NULL  
Tsai et al., 2012 P N = 1,609 (>65 
years) 
FFQ to determine ‘frequent 
consumption’. A frequency of 
3+ servings per week was 
arbitrarily chosen as cut-off 
point to designate frequent 
consumption.  
CES-D (10 item) Adjusted for cognitive status, only vegetables 
showed a protective effect against depressive 
symptoms over 4 years (OR=0.40). However, less 
than 3% of the sample indicated they consumed 
fewer than 3 servings of vegetables per week.  
MIXED 
P = Prospective; L = Longitudinal  
Diet assessment – FV denoted a dietary pattern characterised by high intake of FV. When a diet pattern is high only some fruits/ vegetables, these are outlined.  
FFQ (Food Frequency Questionnaire); PCA= Principal components analysis; HEI-2005 (Healthy Eating Index 2005); PREDIMED (Prevención con Dieta Mediterránea) 
AHEI-2010 (Alternative Healthy Eating Index – 2010); MDS or MedDietScore (Mediterranean Diet Score); DHQ (Diet History Questionnaire) 
Psychological assessment - K6 (Kessler – 6 items); K10 (Kessler – 10 items); CES-D (Centre for Epidemiological Studies Depression scale); SDQ-P4-16 (Strengths and Difficulties 
Questionnaire parental version; SF-36 (Short Form Health Survey – 36 items); SF-12 (Short Form Health Survey – 12 items); GDS (Goldberg Depression Scale); EPDS (Edinburgh Postnatal 




Table A1.3. Experimental studies of diet/FVI and mental ill-being 
Authors (country) Study 
design 
Sample details  Intervention Psychological 
Assessment 
Results Outcome 
Carr et al., 2013 
(NZ) 
Pre-registered 
RCT N = 35 adult men Two gold kiwifruit per day 
versus half a kiwifruit per day 
 
Six week intervention  
POMS Those who ate 2 kiwifruit per day showed improved 
vigour and depression (trend), but only in those with 
low baseline mood.  
MIXED 
Pierce et al., 2007 
(USA) 
Pre-registered 
RCT N = 3088 women 
previously treated 
for breast cancer 
(18-70 years old) 
Telephone counselling + 
cooking classes + newsletters 
promoting nutritional targets 
versus print materials 
describing 5+ a day dietary 
guidelines 
 
4 year intervention 
Unspecified measures of 
depression, social 
support, and quality of 
life 
No differences between conditions in quality of life, 
social support, and depression within the first year of 
intervention (during its maximum intensity) 
NULL 
Plaisted et al., 1999 
(USA) 
RCT N = 129 adults Control diet (typical American 
diet) versus fruit and vegetable 
diet versus combination diet 
(FVI +low fat dairy, whole 
grains, poultry, fish, and nuts, 
and reduced red meats, sweets, 
fats, and sugary drinks) 
 
8 week intervention 
SF-36 No significant improvements on any mental health 
subscales of SF-36 between conditions after 8 weeks 
NULL 




Dietary support (personalised 
dietary support and nutritional 
counselling) versus social 
support (control) 
 






(see Table 6 for well-
being measures 
Intervention condition showed significantly greater 
improvement in both anxiety and depression 
compared to control; however, no differences were 
seen in total mood disturbance (POMS) 
 
(see Table 6 for well-being outcomes) 
MIXED 
Sanchez-Villegas et 
al 2013 (Spain) 
Pre-registered 
RCT N = 3,923 
community 
dwelling men 
(aged 55-80 years) 
and women (60-80 
years with no CVD 
(but documented 
risk) 
Mediterranean Diet + nut 
supplementation versus 
Mediterranean Diet + extra 
virgin olive oil (EVOO) versus 
control (low fat) 
 
3 year intervention 
An incidence of 
depression was defined 
as a diagnosis made by a 
physician and reported in 
any follow-up interview, 
or a positive report of 
habitual anti-depressant 
drug use.  
An inverse association with incident depression was 
found for those in the Mediterranean Diet + nut 
supplementation group compared to control, but this 
was only significant for those participants who had 
type II diabetes mellitus. There was a 41% relative 
reduction in the risk of developing depression.  
MIXED 
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Smith & Rogers 
2014 (UK) 
RCT N = 100 adults 
(mean age=19) 




10 day intervention 
HADS 
PFRS 
Those in the healthy snacking reported lower 
depression, anxiety, fatigue, and emotional distress 
after 10 days.  
SIG 
Steptoe et al., 2004 
(UK) 
RCT N = 271 adults  Behavioural counselling versus 
nutritional education 
counselling (both encouraging 
increased FVI) 
 
12 month intervention 
SF-36 
Self-rated general health 
There were no significant associations between 
changes in mental health scores and FVI. Increased 
FVI was related with a greater likelihood of showing 
an improvement from fair or poor to good health 
across 12 months.  
NULL 
Wardle et al., 2000 
(UK) 




Mediterranean Diet versus low 
fat diet versus wait-list control  
 






Cognitive functioning  
All three groups showed improved depression, 
anxiety, and stress, with no significant differences 
between conditions.  
NULL 
Young et al., 2010 
(USA) 





Advice only versus established 
guidelines for blood pressure 
(EST) versus EST + Dietary 
Approaches to Stop 
Hypertension (DASH) 
 
18 month intervention  
SF-36 Increased FVI across conditions showed improved 
vitality, but not general mental health.   
NULL 
RCT= Randomised Controlled Trial  
Psychological assessment - CES-D (Centre for Epidemiological Studies Depression scale); SF-36 (Short Form Health Survey – 36 items); PSS (Perceived Stress Scale); SF-36 (Short Form 
Health Survey – 36 items); STAI (State Trait Anxiety Inventory); POMS (Profile of Mood States); BDI (Beck Depression Inventory); HADS-A (Hospital Anxiety and Depression Scale – 
Anxiety); Life Orientation Test (LOT); FS (Flourishing Scale); MADRS Montgomery–Åsberg Depression Rating Scale); CGI-C (Clinical Global Impressions Scale); WHO-5 (World Health 









Sample details Diet Assessment Psychological Assessment Results Outcome 
Blanchflower et 
al., 2013 (UK) 














Daily portions of fruit and 
vegetables consumed (data 
extracted from National 
Health Surveys)  
WEMWBS 
Single item measures: 
happiness, and life 
satisfaction (“All things 
considered, how satisfied 
are you with your life as a 
whole nowadays?”) 
 
(see Table 4 for mental ill-
being measures) 
Dose-dependent relationship between FV consumption 
and life satisfaction, with individuals consuming 8+ 
portions reporting LS +0.27 points higher than those 
reporting little FV.  
Positive association between FV consumption and 
positive well-being, with people eating 7-8 portions 
reporting well-being scores +3 points greater than those 
who eat little FV. Well-being peaks at 7-8 portions for 
single-item happiness measure 
 
(see Table 1 for mental ill-being outcomes) 
SIG 
Boehm et al., 
2013 (USA) 
CS N = 982 adults 
(mean age = 55) 
Self-reported typical daily 
consumption of FV 
servings (two or fewer, 
three to four, five or more) 
– However, this was 
secondary to measures of 
antioxidants (e.g., 
carotenoids) 
LOT-R Optimism was significantly associated with greater 
concentrations of one group of antioxidants 
(carotenoids), and this relationship was largely explained 
by FV consumption (as well as smoking status). 
Individuals who ate two or fewer servings of FV were 
significantly less optimistic than those who ate three or 
more.  
SIG 




N = 130 adults 
(mean age=33.1 
Assessed daily servings of 
16 food categories 
(including FV).  
Single item measure of 
daily mood (rated very 
good, good, fair, poor) 
Participants who ate four servings or more of F or V had 
a lower odds of reporting low mood (OR=0.79) than 




CS N = 359 
(students aged 
13-16) 
KIDMED to evaluate 
adherence to a 
Mediterranean Diet  
KIDSCREEN-27 
Psychological Well-being 
Scale (7 items) 
The highest adherence to a Mediterranean diet was 
significantly positively correlated with the total score 
of HRQOL and with psychological well-being scores 
SIG 
Fararouei et al., 
2013 (Iran) 
CS N = 8159 
female high 
school students 
Used two single measure 
questions assessing daily 
consumption of FV 
Happiness was measured 
using the question “How 
happy are you at present 
Students with no fruit in their daily diet (compared to 3-
4 portions/day) reported lower happiness scores by 1.33 
points, and no daily vegetables reported 1.2 lower 
SIG 
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(aged 11-19) (wording not stated) with your life as a whole?” happiness scores. However, happiness scores peaked at 
3-4 servings of fruit and 3-4 servings of vegetables, and 
those eating >4 servings of each actually reported lower 
happiness.  
Ford et al., 2013 
(USA) 






FFQ (200 items) to assess 
components of 
Mediterranean diet 
including various fruits and 
vegetables.  
PANAS (short form) Intake of fresh vegetables and fresh fruit were positively 
associated with PA and inversely associated with NA in 
both men and women.  
SIG 







N = 773 elderly 
Dutch men 
(mean age=72.1 
Participants (together with 
the person who prepared 
their meals) were assessed 
using the cross-check, 
dietary history method 
(assessment of consumption 
for the 2-4 weeks preceding 
the interview). Fruit and 
vegetable consumption was 
assessed as grams per day.  
Dispositional optimism (4 
items; I still expect much 
from life,” “I do not look 
forward to what lies ahead 
for me in the years to 
come,” “My days seem to 
be passing by slowly,” and 
“I am still full of plans” 
Dispositional optimism in elderly men was associated 
with higher intake of fruit (p=0.01), and vegetables 
(p=0.01).  
SIG 
Lengyel et al., 
2009 (Canada) 
CS N = 1,211 older 
males (mean 
age=80.2 years) 
Assessed frequency of FV 
consumption (amongst 
other foods) using the 
following response 
categories: D (every day or 
every meal), M (most 
days), or R (rarely or not at 
all) 
Consumption of FV was 
assessed together 
Single item measure of lie 
satisfaction: 
“How would you describe 
your satisfaction with life 
in general at present?”  
 
Participants who consumed FV daily compared to most 
days were 51% more likely to report greater life 
satisfaction, and 3X more likely to report greater life 
satisfaction compared to those who ate FV ‘rarely’ 
SIG 
Lesani et al., 
2016 (Iran) 
CS N = 541 
students (mean 
age=24.14) 
FV consumption was 
measured by two questions: 
“How many days a week do 
you usually eat [fruit/ 
vegetables]?” (0-7), and “In 
a day that you consume 
[fruit/ vegetables], how 
many servings do you 
consume?” 
OHQ Results showed dose dependent associations between 
increased consumption and increases in happiness 




Mujcic et al., 
2014 (Australia) 
CS N = 12,380 
(aged 15-93) 
Assessed how many days in 
a usual week an individual 
would consume fruit 
(including tinned, frozen, 
dried, and fresh), and 
vegetables (including 
tinned, frozen, and fresh). 
Followed with “On a day 
when you eat fruit/ 
vegetables, how many 
serves of fruit do you 
usually eat?” 
Single item of life 
satisfaction/ happiness 
(“Pick a number between 0 
and 10 to indicate how 
satisfied you are”) 
SF-12 (Vitality) 
 
(see Table 1 for ill-being 
measures) 
Consumption of FV had positive associations with life 
satisfaction. Men who consume approx. 3 servings of 
vegetables are found to significantly happier than those 
who eat <1 serving (but found no gradient for fruit 
consumption); women consuming 4-5 portions of fruit as 
well as 4-5 portions of vegetables were happier than 
those eating fewer. Fruit consumption was 
independently associated with items ‘been a happy 
person’ and ‘felt calm and peaceful’, and this was 
strongest for those consuming 4-5 servings. No such 
associations were found for vegetables.  
FV was also associated with vitality with scores peaking 
at 4-5 portions of both fruit and vegetables. 
 
(see Table 1 for ill-being outcomes) 
MIXED 
Munõz et al., 
2009  
CS Survey 1: N = 
3045 adults 
aged 25-74, 
Survey 2: N = 
6322 adults 
aged 35-74 
FFQ to determine 
adherence to a 
Mediterranean Diet 
SF-12 Significant association between adherence to a 
Mediterranean Diet and self-reported mental health in 
both men and women.  An increase of 5 units of dietary 
adherence was directly associated with changes of 0·74 
and 1·15 units in men and women, respectively, in the 
mental health component 
SIG 
Piqueras et al., 
2009 (Chile) 




Frequency of FV 
consumption (amongst 
other health behaviours) 
were assessed on a scale 
from 1 (never) to 5 (daily). 
An individual was included 
in the healthiest tertile if 
they completed these health 
behaviours daily or almost 
daily 
SHS Happiness was associated with daily/ almost daily FV 
consumption. Those who ate FV daily or almost daily 
had a higher likelihood of being happier (OR: 1.34) 
SIG 
Warner et al., 
2016 (US) 




Assessed frequency of 
several different fruits and 
vegetables (not including 
fruit juice or French fries) 
“over the last month” 
 
SWLS 
assessed using PANAS 
 
(see Table 1 for ill-being 
measures) 
Found a dose-dependent relationship for daily servings 
of FV and activated PA using the PANAS. However, 
they found no association between FVI and life 
satisfaction 
 
(see Table 1 for ill-being outcomes) 
MIXED 
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N = 281 young 
adults (aged 18-
25) 
Fruit (excluding juices and 
dried fruit and vegetables 
(excluding juices and fries) 
consumption assessed daily 
using online surveys 
Circumplex of Mood to 
assess PA and NA 
Days characterised by higher PA, people reported eating 
more fruit and vegetables. For every one serving 
increase in F or V (above usual consumption, PA 
increased by 0.029 or 0.028 points respectively. Daily 
FV consumption also predicted PA the following day 
(controlling for same day affect).  
SIG 
Kye & Park, 
2014 (South 
Korea) 
CS N = 1,530 adults 
(30-69 years) 
Assessed quality of diet 
using a single measure: 
asked whether they 
consumed a diverse, well-
balanced diet that included 
sufficient quantities of FV – 
answered yes/no 
Happiness was assessed 
using a single measure: “In 
general, how would you 
describe your happiness? 
Final response categories 
were happy/ unhappy 
The odds of happiness were 1.53 higher for those that 
consumed a healthy diet, compared to unhealthy.  
SIG 
 
Dietary assessment: KIDMED (Mediterranean Diet Index for Children) 
Psychological assessment - SF-36 (Short Form Health Survey – 36 items); SF-12 (Short Form Health Survey – 12 items); Life Orientation Test - Revised (LOT-R); WEMWBS (Warwick 
Edinburgh Mental Well-being Scale); General Health Questionnaire (GHQ); Flourishing Scale (FS); Curiosity and Exploration Inventory (CEI); PANAS (Positive and Negative Affective 









Sample details Diet Assessment Psychological 
Assessment 
Results Outcome 
Blank et al., 2007 
(UK) 





Quality of diet was rated low (1) 
to high (5) and based on 
consumption on FV (scale 
reflected UK recommendations 
of 5+ a day) 
SF-36 When looking at change in mental health over two 
years, improvements in FV consumption were most 
strongly associated the positive measures of 
peacefulness (OR=1.36) and happiness (OR=1.59) 
compared to no change in FV consumption. Results 
for changes in diet affecting indicators of ill-being 









Assessed how many days in a 
usual week an individual would 
consume fruit (including tinned, 
frozen, dried, and fresh), and 
vegetables (including tinned, 
frozen, and fresh). Followed 
with “On a day when you eat 
fruit/ vegetables, how many 
serves of fruit do you usually 
eat?” 
SF-36 (reported only 
the single happiness 
item) 
Single item life 
satisfaction question:  
“All things considered, 
how satisfied you with 
your life?” 
Increases in FVI over two years predicted significant 
gains in happiness item of SF-36 and life satisfaction 
over 24 months. An increase of 8 portions a day was 
associated with a +0.24-point increase in life 
satisfaction (comparable to the psychological gains 
of shifting from unemployment to employment). 
SIG 




N = 11,015 
university 
graduates (age 
= 35.8 years) 
Validated semi-quantitative FFQ 
(136 items) determined 
adherence to Mediterranean diet 
(including FV)  
 
SF-36  Results showed that vitality was the only mental 
health item significantly associated with increased 
adherence to a Mediterranean diet over 4 years 
MIXED 
L = longitudinal  
Psychological assessment - SF-36 (Short Form Health Survey – 36 items); WHO-5 (World Health Organisation Well-being Scale); GSES (Generalised Self-efficacy Scale)  
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Sample details Diet Intervention Psychological 
Assessment 
Findings Outcome 
Carr et al., 2013 
(NZ) 
Pre-registered 
RCT N = 35 men 
(mean age = 21) 




POMS (subscales and 
TMD) 
No effect of half a kiwifruit/ day supplementation. 
Trend towards decreased TMD and depression in 
the 2 kiwifruit/ day condition. When considering 
only those with high-TMD at baseline, there were 
significant decreases in TMD (38%), fatigue (38%), 
a trend towards decreased depression (34%), and a 
significant increase in vigour (31%), in the 2 
kiwifruit/day condition.  
MIXED 
Jacka et al. 2017 RCT N = 67 adults 
with depression 
and ‘poor’ dietary 
quality 
Dietary support (personalised 
dietary support and nutritional 
counselling) versus social 
support (control) 
 





(see Table 3 for ill-
being measures) 
No significant differences after 12 weeks for well-
being, self-efficacy, or mood.  
 
(See Table 3 for ill-being measures) 
 
NULL  
McMillan et al., 
2011 
 
RCT N = 25 females 
(mean age = 
21.12) 
Mediterranean diet change 
(increased intake of fruits, 
vegetables, fatty fish, nuts and 
seeds, low fat natural dairy 
and wholegrain cereals) versus 





Compared with control, the diet change condition 
showed significant improvements in self-rated 
vigour as indicated by the POMS, and alertness and 
contentment as indicated on the VAS. No indicators 
of mental ill-being were found significant.  
SIG 
Torres et al., 
2012 
RCT N = 95 
postmenopausal 
women (mean 
age = 59.3) 
Dietary Approaches to Stop 
Hypertension (DASH)-Diet 
(included at least four daily 
servings of fruit and 4 daily 
servings of vegetables) versus 
a healthy diet (included two 
daily servings of fruit and two-
three servings of vegetables). 
 
14 week intervention 
POMS No significant changes in mood based on diet, 
except increased fruit was associated with a 




Young et al., 
2010 (USA) 
Pre-registered 





Advice only versus established 
guidelines for blood pressure 
(EST) versus EST + Dietary 
Approaches to Stop 
Hypertension (DASH) 
Analysed diet and FVI 
specifically 
 
18 month intervention 
SF-36 Relative to advice only, increased FV consumption 
in the intervention conditions was associated with 
improvement in vitality at both 6 and 18 months. 
No aspects of mental-illness were associated.  
SIG 
RCT = Randomised Controlled Trial 
Psychological assessment - SF-36 (Short Form Health Survey – 36 items); POMS (Profile of Mood States); TMD (total mental distress); Flourishing Scale (FS); VAS (Visual Analog Scales); 
VAS (Visual Analogue Scales); WHO-5 (World Health Organisation well-being scale) 
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Appendix 2. Information and consent forms (Study 1) 
 
Information Sheet and Consent Form for Participants recruited through Experiment Participation 
 
 
1 January, 2011 




Thank you for showing an interest in this project.  Please read this information sheet carefully before 
deciding whether or not to participate.  If you decide to participate we thank you.  If you decide not to 
take part there will be no disadvantage to you of any kind and we thank you for considering our request.   
 
What is the Aim of the Project? 
 
The aim of the project is to understand how genes, hormones, and other biomarkers like Vitamin D and 
iron are related to daily wellbeing among university students.  
 
What Type of Participants are being sought? 
We are seeking over 500 men and women, ages 18 – 25, who are currently enrolled at the University of 
Otago (at least part-time status). To participate, you need: 
 a personal mobile phone.  
 a schedule that permits you to answer texts regularly over the next two weeks 
 access to the internet nightly at some time between 3 – 8 pm for the next two weeks 
 willingness to provide a blood sample  
 
The research study will involve approximately 3 hours of your time, for which you will receive an 
opportunity to earn 3 research credits by completing a worksheet based on your participation. You will 
also be reimbursed in cash (up to $15) for your texting costs and go into the draw to win $50. 
 
What will Participants be Asked to Do? 
 Attend an initial 60-minute laboratory session to review study procedures and complete a 
series of questionnaires over the computer. 
 Complete 13 days of a nightly survey and text messaging. Each evening (between 3 – 8 pm), 
you will be asked to complete a brief 3 – 5 minute survey via the Internet about your daily 
experiences.  You will also receive four text messages each day asking about your current 
emotional experience. 
 Attend a 15-minute clinic session in the Department of Human Nutrition to give a 22 mL 
sample of blood (approximately 1 ½ tablespoons). Blood will be drawn by a trained nurse. 
During this session, a trained research assistant will also measure your height, your weight, 
and skin colour using a photometer camera. 
 Attend a 30-minute debriefing session in the Psychology Department at the end of the study to 
complete a 15-minute follow up questionnaire. 
This project will involve 3 hours of your time over a period of two weeks (2 hours for laboratory 
sessions; 1 hour for texting and daily surveys). If you complete all the procedures, you will have the 
opportunity to earn 3 research credits by completing a worksheet based on your experiences.  You are 
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entitled to miss up to three days worth of texts and surveys and still receive opportunity for full credit.  
You will also be reimbursed in cash for the cost of your reply texts (up to $15). You will be able to 
complete the worksheet after your debriefing session; you will receive your cash reimbursement for 
texts at the debriefing session. 
 
Blood will be used in three ways: 
First, DNA from blood will be used for studying the natural variation in genes thought to modify 
emotional experiences in daily life. These genes include those involved in the metabolism and action of 
dopamine, endogenous opiates, GABA, oxytocin and Vitamin D, among others. Additional genes that 
we may examine are those involved in the emotional stress response system and include serotonin, 
norepinepherine, and glutamate.  We will be using your DNA to measure variation in these genetic 
markers and how they relate to the emotions and mood states you report experiencing from the texting 
and the daily surveys.  We will not be comparing results between participants of various ethnic 
backgrounds.  None of the genetic information that we obtain will be disclosed to you.  Your DNA and 
questionnaire responses will not be evaluated individually, but rather will be statistically analyzed at the 
group level.   
Second, your blood will be analyzed to determine levels of hormones and other blood-based biomarkers 
that may modify emotional experiences in daily life. We are especially interested in your vitamin D 
status, and will be specifically testing for 25-hydroxyvitamin D and parathyroid hormone. Vitamin D is 
a fat-soluble vitamin that can be produced in your skin after sun exposure. When your vitamin D levels 
are low, parathyroid hormone begins to rise and your bone health may be compromised. Some studies 
have also shown that low levels of vitamin D are associated with poor mood, and a number of studies 
have suggested a role for vitamin D in the supplementary treatment of depression.  We will be 
examining your vitamin D status and seeing how this relates to your emotions and mood states. We will 
also test how certain genes relate to your Vitamin D status. After participating, you will be told your 
level of Vitamin D through an individualized Vitamin D report.  You will receive this report through 
email sometime in the second semester of this year.    
Third, your blood will be analyzed for its iron content to determine the potential relationship between 
mild iron deficiency and wellbeing. Specifically, we will be testing three iron status markers 
(haemoglobin, serum ferritin, and serum transferrin receptor concentration) and alpha-1-acid 
concentration (a measure of infection that can alter serum ferritin concentration) to determine the 
emotional correlates of iron status.  
 
**All blood samples will be stored and processed at local facilities or those affiliated with the 
University of Otago.** The DNA will be processed and stored indefinitely as a precaution against the 
need to obtain more samples from you in the future. DNA and blood samples will only be used at the 
discretion of the principal investigator of this project (Dr. Tamlin Conner) to examine relations between 
genes, hormones/biomarkers, and wellbeing. In the event that we wish to use the samples for any other 
project outside of the scope stated here, we will request your permission to do so. Your blood sample 
will be identified by a study ID number only. 
In terms of harm as a result of participating in this study, there may be some discomfort and slight pain 
during the drawing of the blood sample, and in some cases, minor bruising may occur but this will 
generally disappear in about one to two days. Some of the questionnaire items might bring up feelings 
of discomfort. Please know that you can choose to answer only those questions that you want to. Also, 
tracking your emotions may make you more aware of your emotions. If you are concerned about how 
you are feeling, there are on-campus counsellors available at Student Health Services. See: 
http://www.otago.ac.nz/studenthealth/counselling.html 
 
Please be aware that you may decide not to take part in the project without any disadvantage to yourself 
of any kind. 
 
What Data or Information will be Collected and What Use will be Made of it? 
In the laboratory sessions, we will collect demographic information, information about your 
preferences, interests, personality, and typical emotional experiences.  In the text messaging procedure, 
we will ask you four questions about your feelings of happiness and motivation. In the daily survey, we 
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will ask you questions about your common daily experiences including your mood, and other 
experiences.  Your data will be identified only by a study ID number, not your name or mobile phone 
number.  These data will be used for analyses and stored indefinitely - without any personally 
identifying information- in a password protected location within the servers of the psychology 
department.   
 
Extra security precautions will be taken to protect data sent to and from mobile phones and the internet. 
When you text your reply, the information will be sent to a secure commercial SMS server, where it will 
be stored and only accessed by the Principal Investigator or nominated associate. Your research assistant 
will not see your text responses. The internet survey will require you to enter a codename and password 
to access the site. Once you have completed the survey, the information will be automatically encrypted 
and sent to a secure server housed within the Psychology Department. The data collected will be 
securely stored on the server until accessed by the Principal Investigator, with assistance from the 
Psychology Department technician responsible for the server function.  
We are collecting blood for the purpose of genotyping it for common genetic variants, and determining 
Vitamin D and iron status. Extra security precautions will be taken to protect your genetic data. All 
blood samples will be coded by a unique randomly-generated ID number that is not your name. Samples 
will be stored in a secured locked area within the University of Otago and its affiliated clinic and 
genotyping facilities. You will not be given access to unused DNA or to any genetic test results from 
this study. At all times, the sample will be stored under a code that only the PI can link to your name, in 
an anonymous manner.  Upon completion of the study, the sample will be kept in storage until fully 
utilized.  Your sample may be used in other studies by the Principal Investigator related to the biology 
of wellbeing.  Any use of your samples outside the aims stated here will require your permission.  DNA 
may be stored indefinitely until fully utilized; however, if any blood should be disposed during the 
course of the study, you will have the option below to have them disposed of with appropriate karakia or 
returned to you. 
 
Data are being collected for the purpose of analysis, presentation and publication.  The data will be 
analyzed by the Principal Investigator, collaborators, and other student researchers in the Daily 
Experiences Laboratory at the University of Otago. Importantly, the data files will not contain your 
name or any unique information; so no research assistants, collaborators, or anyone else involved in this 
project will know how you responded to the questionnaires or what your genetic background is. All 
analyses will be conducted at the group level and results submitted for publication to peer-reviewed 
journals. If the findings are found acceptable by peer review and published, the results of the project 
may be published and will be available in the University of Otago Library (Dunedin, New Zealand) 
with every attempt will be made to preserve your anonymity. 
 
At the end of the project any personal information (contact information, phone numbers, etc.) kept on 
file in the lab will be destroyed. All data, which will exist in electronic format only (no paper data or 
paper materials) will be retained in secure electronic storage and archived indefinitely. Again, your 
name will not be affiliated with these data.  
You are most welcome to request a copy of the published project should you wish. Please email the 
Principal Investigator Tamlin Conner at tconner@psy.otago.ac.nz. Please note that the time delay from 
study to publication can be quite long (2+ years). 
Can Participants Change their Mind and Withdraw from the Project? 
Yes. You may withdraw from participation in the project at any time and without any disadvantage to 
yourself of any kind. You will get your credits and text reimbursement costs up to the point of 
withdrawal. You also have the right to decide at any point during the study to not give a blood sample.   
 
What if Participants have any Questions? 
If you have any questions about our project, either now or in the future, please feel free to contact either: 
Kate Brookie  or    Dr. Tamlin Conner 
Research Assistant     Principal Investigator 
Department of Psychology    Department of Psychology 
Lab Telephone Number: <redacted>   University Telephone Number: <redacted> 
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E-mail: <redacted>     E-mail: <redacted> 
 
This study has been approved by the University of Otago Human Ethics Committee (#10/177). If you 
have any concerns about the ethical conduct of the research you may contact the Committee through the 
Human Ethics Committee Administrator (ph 03 479 8256). Any issues you raise will be treated in 
confidence and investigated and you will be informed of the outcome. 
  







The Daily Life Study 
 
PARTICIPANTS CONSENT FORM  
 
I have read the Information Sheet concerning this project and understand what it is about.  All my 
questions have been answered to my satisfaction.  I understand that I am free to request further 
information at any stage. 
 
I know that: 
1.    My participation in the project is entirely voluntary. 
 
2. I am free to withdraw from the project at any time without any disadvantage. 
 
3. The questionnaire data will exist in electronic format and will be retained in a secure password-
protected server in the psychology department. My name will not be identified with any of the 
data. I understand that security precautions have been taken to protect data transmitted by texting 
and the internet. 
 
4.   My blood sample will be processed locally and the DNA stored indefinitely; the blood and DNA 
will be used by the Principal Investigator (T. Conner) and her affiliated collaborators to examine 
hypotheses about the relation between emotional experiences, genetics, hormones, and other 
biomarkers.   
 
If any blood should be disposed of during the course of the study, please indicate the following:   
 
CHOOSE ONE: 
□ I consent to any remaining samples being disposed of using standard disposal methods.   
□ I wish to have any remaining samples disposed of with appropriate karakia (blessing).   
□ I wish to have any remaining samples returned to me.    
 
5.  In the future, if the PI would like to examine your blood samples or DNA for research purposes 
outside of those stated above, please indicate your preference: 
 
CHOOSE ONE: 
□ I consent to my sample being used in research outside the purposes stated here as long as 
the research is approved by the University of Otago Ethics Committee and is supported 
by the Māori Research Consultation Committee. 
□ I wish to be contacted for permission to use my sample for research purposes outside of 
those stated above. I can be contacted at (permanent email and permanent address):  
 
______________________________________________________________________ 
□ I do not wish my samples used outside of the stated purposes.   
 
5. In terms of risks, I am aware that I may experience slight pain during the drawing of blood, and in 
some cases minor bruising may occur but this will generally disappear in about one to two days.  
 
6.  My opportunity for compensation may be less than 3 credits if I miss more than three days worth of 
texts or surveys or do not complete the study.  Funding is provided by the University of Otago 
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Research Grant fund. The data will be used for scientific purposes only, not for commercial 
purposes.  
 
7. The results of the project may be published and available in the library with every attempt made to 




I agree to take part in this project. 
 
 
.............................................................................    ............................... 





       (Name of participant)    
 
This study has been approved by the University of Otago Human Ethics Committee (#10/177). If you 
have any concerns about the ethical conduct of the research you may contact the Committee through 
the Human Ethics Committee Administrator (ph 03 479 8256). Any issues you raise will be treated in 
confidence and investigated and you will be informed of the outcome. 
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Information Sheet and Consent Form for Participants recruited through Nutrition Courses/ word 
of mouth 
 
1 January, 2011 




Thank you for showing an interest in this project.  Please read this information sheet carefully before 
deciding whether or not to participate.  If you decide to participate we thank you.  If you decide not to 
take part there will be no disadvantage to you of any kind and we thank you for considering our request.   
 
What is the Aim of the Project? 
The aim of the project is to understand how genes, hormones, and other biomarkers like Vitamin D and 
iron are related to daily wellbeing among university students.  
 
What Type of Participants are being sought? 
We are seeking over 300 men and women, ages 18 – 25, who are currently enrolled at the University of 
Otago (at least part-time status). To participate, you need: 
 a personal mobile phone.  
 a schedule that permits you to answer texts regularly over the next two weeks 
 access to the internet nightly at some time between 3 – 8 pm for the next two weeks 
 willingness to provide a blood sample  
 
The research study will involve approximately 3 hours of your time, for which you will have the 
opportunity to earn up to $45.  A cash payment will be given at the end of the study. 
 
What will Participants be Asked to Do? 
 Attend an initial 50-minute laboratory session to review study procedures and several 
questionnaires. 
 Complete 13 days of a nightly survey and text messaging. Each evening (between 3 – 8 pm), 
you will be asked to complete a brief 5 minute survey via the Internet about your daily 
experiences.  You will also receive four text messages each day asking about your current 
emotional experience. 
 Attend a 20-minute session at the clinic in the Department of Human Nutrition to give a 22 mL 
sample of blood (approximately 1 ½ tablespoons). Blood will be drawn by a trained nurse. 
During this session, a trained research assistant will also measure your height, your weight, 
and skin colour using a photometer camera. 
 Attend a 30-minute debriefing session in the Psychology Department at the end of the study to 
complete a follow up questionnaire. 
 
This project will involve a maximum of 3 hours of your time over a period of two weeks (2 hours for 
laboratory sessions; 1 hour for texting and daily surveys). If you complete all the procedures, you will 
have the opportunity up to $45.  You will receive $10 at the first session to cover texting costs, $10 for 
completing session 1 and $10 for session 2 (including clinic visit).  You can earn up to $10 for 
completing at least 10 surveys ($1 per survey) and will get a $5 bonus if you respond to least 85% of the 
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text messages (44 out of 52).  You will be reimbursed in cash.  Payments will be given at the end of the 
study (except where noted).  Blood will be used in three ways: 
First, DNA from blood will be used for studying the natural variation in genes thought to modify 
emotional experiences in daily life. These genes include those involved in the metabolism and action of 
dopamine, endogenous opiates, GABA, oxytocin and Vitamin D, among others. Additional genes that 
we may examine are those involved in the emotional stress response system and include serotonin, 
norepinephrine, and glutamate.  We will be using your DNA to measure variation in these genetic 
markers and how they relate to the emotions and mood states you report experiencing from the texting 
and the daily surveys.  We will not be comparing results between participants of various ethnic 
backgrounds.  None of the genetic information that we obtain will be disclosed to you.  Your DNA and 
questionnaire responses will not be evaluated individually, but rather will be statistically analyzed at the 
group level.   
Second, your blood will be analyzed to determine levels of hormones and other blood-based biomarkers 
that may modify emotional experiences in daily life. We are especially interested in your vitamin D 
status, and will be specifically testing for 25-hydroxyvitamin D and parathyroid hormone. Vitamin D is 
a fat-soluble vitamin that can be produced in your skin after sun exposure. When your vitamin D levels 
are low, parathyroid hormone begins to rise and your bone health may be compromised. Some studies 
have also shown that low levels of vitamin D are associated with poor mood, and a number of studies 
have suggested a role for vitamin D in the supplementary treatment of depression.  We will be 
examining your vitamin D status and seeing how this relates to your emotions and mood states. We will 
also test how certain genes relate to your Vitamin D status. After participating, you will be told your 
level of Vitamin D through an individualized Vitamin D report.  You will receive this report through 
email midway through the second semester.  
Third, your blood will be analyzed for its iron content to determine the potential relationship between 
mild iron deficiency and wellbeing. Specifically, we will be testing three iron status markers 
(haemoglobin, serum ferritin, and serum transferrin receptor concentration) and alpha-1-acid 
concentration (a measure of infection that can alter serum ferritin concentration) to determine the 
emotional correlates of iron status. 
 
**All blood samples will be stored and processed at local facilities or those affiliated with the 
University of Otago.** The DNA will be processed and stored indefinitely as a precaution against the 
need to obtain more samples from you in the future. DNA and blood samples will only be used at the 
discretion of the principal investigator of this project (Dr. Tamlin Conner) to examine relations between 
genes, hormones/biomarkers, and wellbeing. In the event that we wish to use the samples for any other 
project outside of the scope stated here, we will request your permission to do so. Your blood sample 
will be identified by a study ID number only. 
In terms of harm as a result of participating in this study, there may be some discomfort and slight pain 
during the drawing of the blood sample, and in some cases, minor bruising may occur but this will 
generally disappear in about one to two days. Some of the questionnaire items might bring up feelings 
of discomfort. Please know that you can choose to answer only those questions that you want to. Also, 
tracking your emotions may make you more aware of your emotions. If you are concerned about how 
you are feeling, there are on-campus counsellors available at Student Health Services. See: 
http://www.otago.ac.nz/studenthealth/counselling.html 
Please be aware that you may decide not to take part in the project without any disadvantage to yourself 
of any kind. 
 
What Data or Information will be Collected and What Use will be Made of it? 
In the laboratory sessions, we will collect demographic information, information about your 
preferences, interests, personality, and typical emotional experiences.  In the text messaging procedure, 
we will ask you four questions about your feelings of happiness and motivation. In the daily survey, we 
will ask you questions about your common daily experiences including your mood, and other 
experiences.  Your data will be identified only by a study ID number, not your name or mobile phone 
number.  These data will be used for analyses and stored indefinitely - without any personally 
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identifying information- in a password protected location within the servers of the psychology 
department.   
Extra security precautions will be taken to protect data sent to and from mobile phones and the internet. 
When you text your reply, the information will be sent to a secure commercial SMS server, where it will 
be stored and only accessed by the Principal Investigator or nominated associate. Your research assistant 
will not see your text responses. The internet survey will require you to enter a codename and password 
to access the site. Once you have completed the survey, the information will be automatically encrypted 
and sent to a secure server housed within the Psychology Department. The data collected will be 
securely stored on the server until accessed by the Principal Investigator, with assistance from the 
Psychology Department technician responsible for the server function.  
We are collecting blood for the purpose of genotyping it for common genetic variants, and determining 
Vitamin D and iron status. Extra security precautions will be taken to protect your genetic data. All 
blood samples will be coded by a unique randomly-generated ID number that is not your name. Samples 
will be stored in a secured locked area within the University of Otago and its affiliated clinic and 
genotyping facilities. You will not be given access to unused DNA or to any genetic test results from 
this study. At all times, the sample will be stored under a code that only the PI can link to your name, in 
an anonymous manner.  Upon completion of the study, the sample will be kept in storage until fully 
utilized.  Your sample may be used in other studies by the Principal Investigator related to the biology 
of wellbeing.  Any use of your samples outside the aims stated here will require your permission.  DNA 
may be stored indefinitely until fully utilized; however, if any blood should be disposed during the 
course of the study, you will have the option below to have them disposed of with appropriate karakia or 
returned to you. 
 
Data are being collected for the purpose of analysis, presentation and publication.  The data will be 
analyzed by the Principal Investigator, collaborators, and other student researchers in the Daily 
Experiences Laboratory at the University of Otago. Importantly, the data files will not contain your 
name or any unique information; so no research assistants, collaborators, or anyone else involved in this 
project will know how you responded to the questionnaires or what your genetic background is. All 
analyses will be conducted at the group level and results submitted for publication to peer-reviewed 
journals. If the findings are found acceptable by peer review and published, the results of the project 
may be published and will be available in the University of Otago Library (Dunedin, New Zealand) 
with every attempt will be made to preserve your anonymity. 
 
At the end of the project any personal information (contact information, phone numbers, etc.) kept on 
file in the lab will be destroyed. All data, which will exist in electronic format only (no paper data or 
paper materials) will be retained in secure electronic storage and archived indefinitely. Again, your 
name will not be affiliated with these data.  
You are most welcome to request a copy of the published project should you wish. Please email the 
Principal Investigator Tamlin Conner at tconner@psy.otago.ac.nz. Please note that the time delay from 
study to publication can be quite long (2+ years). 
Can Participants Change their Mind and Withdraw from the Project? 
Yes. You may withdraw from participation in the project at any time and without any disadvantage to 
yourself of any kind. You will get your credits and text reimbursement costs up to the point of 
withdrawal. You also have the right to decide at any point during the study to not give a blood sample.  
  
What if Participants have any Questions? 
If you have any questions about our project, either now or in the future, please feel free to contact either: 
Kate Brookie   or   Dr. Tamlin Conner 
Research Assistant     Principal Investigator 
Department of Psychology    Department of Psychology 
Lab Telephone Number: <redacted>   University Telephone Number: <redacted> 
E-mail: ____________________    E-mail: <redacted> 
 
This study has been approved by the University of Otago Human Ethics Committee (#10/177). If you 
have any concerns about the ethical conduct of the research you may contact the Committee through the 
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Human Ethics Committee Administrator (ph 03 479 8256). Any issues you raise will be treated in 
confidence and investigated and you will be informed of the outcome. 





The Daily Life Study 
 
PARTICIPANTS CONSENT FORM  
 
I have read the Information Sheet concerning this project and understand what it is about.  All my 
questions have been answered to my satisfaction.  I understand that I am free to request further 
information at any stage. 
I know that: 
1.    My participation in the project is entirely voluntary. 
 
4. I am free to withdraw from the project at any time without any disadvantage. 
 
5. The questionnaire data will exist in electronic format and will be retained in a secure password-
protected server in the psychology department. My name will not be identified with any of the 
data. I understand that security precautions have been taken to protect data transmitted by texting 
and the internet. 
 
4.   My blood sample will be processed locally and the DNA stored indefinitely; the blood and DNA 
will be used by the Principal Investigator (T. Conner) and her affiliated collaborators to examine 
hypotheses about the relation between emotional experiences, genetics, hormones, and other 
biomarkers.   
 
If any blood should be disposed of during the course of the study, please indicate the following:   
 
CHOOSE ONE: 
□ I consent to any remaining samples being disposed of using standard disposal methods.   
□ I wish to have any remaining samples disposed of with appropriate karakia.   
□ I wish to have any remaining samples returned to me.    
 
5.  In the future, if the PI would like to examine your blood samples or DNA for research purposes 
outside of those stated above, please indicate your preference: 
 
CHOOSE ONE: 
□ I consent to my sample being used in research outside the purposes stated here as long as 
the research is approved by the University of Otago Ethics Committee and is supported 
by the Māori Research Consultation Committee. 
□ I wish to be contacted for permission to use my sample for research purposes outside of 
those stated above. I can be contacted at (permanent email and permanent address):  
 
______________________________________________________________________ 
□ I do not wish my samples used outside of the stated purposes.   
 
5. In terms of risks, I am aware that I may experience slight pain during the drawing of blood, and in 
some cases minor bruising may occur but this will generally disappear in about one to two days; 
 
8.  My opportunity for compensation may be less than $45 if I miss more than three days worth of 
texts or surveys or do not complete the study.  Funding is provided by the University of Otago 





9. The results of the project may be published and available in the library with every attempt made to 




I agree to take part in this project. 
 
 
.............................................................................    ............................... 





       (Name of participant)    
 
This study has been approved by the University of Otago Human Ethics Committee (#10/177). If you 
have any concerns about the ethical conduct of the research you may contact the Committee through 
the Human Ethics Committee Administrator (ph 03 479 8256). Any issues you raise will be treated in 
confidence and investigated and you will be informed of the outcome. 
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Appendix 3. List of Measures (Study 1) 
 
Note: The following measures are presented in order of appearance in the each survey or daily 






How old are you?   ________ 
              




How would you describe your origin? (Please tick the box that best applies to you) 
__1__ Māori 
__2__ New Zealand European / Pākehā 
__3__ Pacific Islander 
__4__ Asian 
__5__ Indian   
__6__ African-Caribbean   
__7__ other European (UK, American, Canadian, South African etc.) 
__8__   other: Please describe ________________________  
 




DAILY DIARY SURVEY 
 
Circumplex of Mood ( based on Barrett & Russell, 1999) 
 
Instructions: How much does each of the following words describe how you felt TODAY? For 
each item, please circle the number that best characterizes how you felt today. 
 
 Not at all Slightly Moderately Very much Extremely 
happy 1 2 3 4 5 
excited 1 2 3 4 5 
nervous 1 2 3 4 5 
dejected 1 2 3 4 5 
irritable 1 2 3 4 5 
cheerful 1 2 3 4 5 
pleasant 1 2 3 4 5 
      
calm 1 2 3 4 5 
inspired 1 2 3 4 5 
hostile 1 2 3 4 5 
sad 1 2 3 4 5 
angry 1 2 3 4 5 
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energetic 1 2 3 4 5 
enthusiastic 1 2 3 4 5 
           
unhappy 1 2 3 4 5 
anxious 1 2 3 4 5 
tense 1 2 3 4 5 
motivated 1 2 3 4 5 
engaged 1 2 3 4 5 
content 1 2 3 4 5 
relaxed 1 2 3 4 5 
 
Daily Flourishing Scale (Diener et al., 2010) 
 
Curiosity and Exploration Inventory (CEI; Kashdan, Rose, & Fincham, 2004).  
 
Daily Creativity Index (based on common definitions of creativity) 
 





A lot A 
great 
deal 
1. Overall, how creative were you 
TODAY? Creativity includes 
coming up with novel or original 
ideas; expressing oneself in an 
original and useful way; or spending 
time doing artistic activities (art, 
music, painting, writing, etc.).  
0 1 2 3 4 
 
New Zealand Adult Nutrition Survey 2008/2009 (modified from ANS08/09; University of 
Otago and Ministry of Health, 2011)Instructions: Now think about what you’ve eaten today, 
since waking up this morning.  
 
1. How many servings of fruit (fresh, frozen, canned or stewed) did you eat TODAY? Do 
not include fruit juice or dried fruit. 1 ‘serving’ = 1 medium piece of fruit (e.g. apple) 
or 2 small pieces of fruit or ½ cup stewed fruit eg. 1 apple + 2 small apricots = 2 
servings ___ 
 
2. How many servings of hot chips, French fries, wedges, or kumara chips did you eat 
TODAY? Think about lunch and dinner as well as snacks. 1 ‘serving’ = one cup or 1 
small/regular fast food serving or ½ scoop of takeaway hot chips. eg, one scoop 
takeaways hot chips = 2 servings___________ 
 
3. How many servings of vegetables (fresh, frozen, or canned) did you eat TODAY? Do 
not include vegetable juices or hot chips. 1 ‘serving’ = 1 medium potato/kumara or ½ 
cup cooked vegetables or 1 cup of salad eg.  2 medium potatoes + ½ cup peas = 3 
servings ___________ 
  
4. How many servings of lollies, sweets, chocolate, or other confectionary items did 
you eat TODAY? 1 ‘serving’ = one regular sized chocolate bar (~50g) or 6 jet 
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A Focus Group: Daily Food Consumption 
 
 
Thank you for showing an interest in this project.  Please read this information sheet carefully 
before deciding whether or not to participate.  If you decide to participate we thank you.  If you 
decide not to take part there will be no disadvantage to you and we thank you for considering our 
request.   
 
What is the Aim of the Project? 
 
We are attempting to gain an understanding of students’ perceptions of fruit and vegetable 
consumption. Specifically, we are interested in the factors seen as ‘barriers’ to consuming the 
recommended 5+ servings of fruit and vegetables per day. What is stopping students from eating 
enough fruit and vegetables? 
 
What Type of Participants are Being Sought? 
 
We are seeking University of Otago 100 or 200 level psychology students who are willing to be a 
part of a small focus group in exchange for course credit.  
    
What will Participants be Asked to Do? 
 
Should you agree to take part in this project, you will be asked to attend a focus group for 
approximately 30 minutes. You will be asked questions about your attitudes towards healthy eating 
as well as any perceived barriers to eating the recommended servings of fruit and vegetables per 
day. You will have the opportunity to openly discuss your opinions on fruit and vegetable 
consumption.  
 
What Data or Information will be Collected and What Use will be Made of it? 
We will be collecting information regarding the perceived barriers to adequate fruit and vegetable 
consumption in a student population. This information will help inform strategies used in a fruit 
and vegetable intervention study starting in 2015. 
 
You will be identified by a study ID number, thus your identity will not be known to those 
conducting the study. Researchers Tamlin Conner and Kate Brookie will have access to data stored 
with an assigned ID number only. The data will not be able to be linked back to you. At the end of 
the project any personal information will be destroyed immediately, except that, as required by the 
University of Otago’s research policy, any raw data on which the results of the research project 




Group results of this project may be published and will be available in the University of Otago 
Library (Dunedin, New Zealand) but any data included will in no way be linked to any specific 
participant. You are most welcome to request a copy of the results following the end of your 
participation in the study and/or a copy of the results of the project should you wish. 
 
Can Participants Change their Mind and Withdraw from the Project? 
You may withdraw from participation in the project at any time and without any disadvantage to 
yourself of any kind. 
What if Participants have any Questions? 
If you have any questions about our project, either now or in the future, please feel free to contact 
either:- 
 
Kate Brookie                    Tamlin Conner, Ph.D.                               
Department of Psychology                 Department of Psychology            
University Number: <redacted>               University Number: <redacted>  
Email: <redacted>                        Email: <redacted>               
 
This study has been approved by the Department of Psychology. If you have any concerns about 
the ethical conduct of the research you may contact the Committee through the Human Ethics 
Committee Administrator (ph 03 479-8256). Any issues you raise will be treated in confidence and 
investigated and you will be informed of the outcome. 
 
  





A Focus Group: Daily Food Consumption 
 
I have read the Information Sheet concerning this project and understand what it is about.  All my 
questions have been answered to my satisfaction.  I understand that I am free to request further 
information at any stage. 
 
I know that:- 
1. My participation in the project is entirely voluntary; 
 
2. I am free to withdraw from the project at any time without any disadvantage; 
 
3. The questionnaire data will be retained and secure and my name will not be identified with 
any of that data. Any raw data on which the results of the project depend will be retained in 
secure storage for at least five years.   
4.   The results of the project may be published and available in the 
University of Otago Library (Dunedin, New Zealand) but every attempt will be made to preserve 
my anonymity. 
 





.............................................................................    ............................... 
       (Signature of participant)       (Date) 
 








This study has been approved by the Department of Psychology Human Ethics Committee. If you 
have any concerns about the ethical conduct of the research you may contact the Committee 
through the Human Ethics Committee Administrator (ph 03 479 8256). Any issues you raise will be 
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Appendix 5. Focus group descriptions, sub-themes, and supporting quotes 
 
Table A5. 1.  
Factors identified as barriers to reaching adequate daily levels of FVI 
Barriers Description Sub-themes Example quotes 
Convenience FV are seen as foods 
requiring much 
planning and 





especially when in a 
hurry or stressed. 
Storage and time 
limited nature of fresh 
FV was also identified 
as a barrier.  
Planning/ 
preparation 
“I think it takes a certain amount 
of planning” 
“They need prep” 
  
Storage and FV 
going bad 
 
“You buy things that are going to 
last” 
“I wouldn’t want to buy fruit that 
I would have to eat quickly 
before it went off” 
Cost FV are seen as 
expensive, especially 
compared to unhealthy 
alternatives. Students 
tend to prioritise 
purchasing meat and 





“There’s not vegetables or good 
food that’s on special, it’s always 
the junk” 
“It’s cheaper to eat a pie”  
 Priority for bulk 
foods 
“Apples are like $4 a kilo, 
bananas are $3 a kilo, and you 
can get a kilo of chips for like 
$2.” 
“They buy bulk. You know, rice, 
pasta, mince, like what’s cheap.” 
Social 
Influences 
Young adults perceive 
their eating habits to 
be greatly influenced 
by their parents and 
the ‘culture’ of food 
during their 
upbringing. Early 
experiences were seen 
as contributing factors 
to the development of 
their current eating 
habits.  
Parental influence “I think it is her parents are very, 
very busy people. I know her 
mum had two jobs” 
“They (her parents) don’t place a 
huge importance on that (eating 
FV).” 
 Habit “It’s a lifestyle now and they 
can’t be bothered changing it”  
“I think it’s habit, and it’s a huge 






Factors of taste 
including freshness, 
texture, satiety, and 
relative enjoyment are 
all seen as contributing 
factors in reading 
adequate RDI of FV. 
Satiety “Sometimes you need more than 
just fruit or veg” 
“I personally never feel full after 
fruit” 






Dislike the FV  
available in halls of 
residence 
“He (flatmate) just doesn’t like 
the taste. And some of them (FV) 
he just doesn’t like the texture” 
“I’m just not a salad person” 
 
“the vegetables were  
generally cooked way too much 
or not enough” 
“it was a big contributing factor 
to why I probably didn’t get as 
many FV” 
 
Knowledge Inadequate knowledge 
about the preparation 
and cooking needs of 
FV act as a barrier to 
their consumption. 
Furthermore, not being 
aware of the benefits 
was perceived to also 
be a barrier to 
adequate consumption 
Not knowing how to 
prepare and cook FV 
“He simply doesn’t know how to 
prepare it” 
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Table A5.2.  
Factors identified as motivators to reaching adequate daily levels of FVI.  
Motivators Description Sub-themes Example quotes 
Health Health benefits and 
new ‘trends’ that 
promoted increased 
FV consumption were 
identified as 
motivating factors.   
Trends of eating 
‘clean’ 
“Do need to eat FV to have the 
right body” 
“It’s pretty in vogue these days 
to be really healthy” 
 Being good or 
‘healthy’  
“because they’re good for you” 
Social Influence Parental influence was 
identified as both a 
barrier (see above), 
and a motivator in 
young adults’ eating 
patterns. The healthy 
eating habits of friends 
and flatmates were 
seen as positive 




“My dad used to grow a lot of 
his own vegetables…and now I 
really like vegetables and am 
happy to eat them.” 
“Yeah, I think mum is quite a 
health freak…so coming down 
here I just feel obliged” 
  Positive flatmate/ 
friend influences 
“Having a vegetarian in our 
flat…even knowing that she has 
more (FV) and when you see 
what she cooks and you’re like 
“oh yeah!”. 
“A couple of flatmates are a high 
professional level of sports. So 
they…are on quite strict diets 
and I think everyone sorts of 
moves in that direction as a 
result of that.” 
Habit Making FV a part of 
daily routine was seen 
as a motivating factor 
in the sense that those 
who ate enough FV 
were just doing what 
they have always 
done.  
Habit “I feel like I have to have it (FV) 
with my meal” 
“Having a meal without 
vegetables is weird, it just feels 
weird.” 
Taste Preference for the taste 
of FV, and identified 
‘cravings’ for FV 
especially fresh 
varieties.   
Taste and ‘craving’ “I like vegetables” 
“If I go two days without fruit, 
I’m like “man I crave a salad!”. 
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Convenience Young adults tended 
to opt for more 
convenient ways to 
use FV (e.g., frozen 
vegetables), and this 
meant they were more 
likely to consume their 
RDI. Close availability 
of fresh FV to campus 










“frozen veggies, they’re really, 
really convenient” 
“The reason this week I had 
more (FV), is because I bought a 
stir-fry bag…so it’s just like one 
contained bag” 
 
“It really adds to the 
convenience, especially the 
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INFORMATION FOR PSYCHOLOGY PARTICIPANTS 
 
Study title: Role of Nutrition in Daily Life  
Principal investigator: Name Tamlin Conner 
Department of Psychology 
Senior Lecturer 
Contact phone number: 
<redacted>               
Introduction 
Thank you for showing an interest in this project.  Please read this information sheet carefully. 
Take time to consider and, if you wish, talk with relatives or friends, before deciding whether or 
not to participate. If you decide to participate we thank you.  If you decide not to take part there 
will be no disadvantage to you and we thank you for considering our request.   
 
What is the aim of this research project? 
We are attempting to gain an understanding of factors that contribute to variation in young adults’ 
health and well-being. Specifically, we are interested in how various lifestyle factors may 
contribute to daily experiences of health and vitality. Studies have linked various patterns of eating 
to aspects of positive and negative psychological well-being. Young adults, notably students, are 
especially at risk of consuming insufficient vitamins and nutrients associated with foods such as 
complex carbohydrates, and fruits and vegetables. Results of this study will help inform the 
relationship between nutrition, health, and psychological factors.  
 
Who is funding this project? 
This project is funded by a University of Otago Research Grant. 
 
Who are we seeking to participate in the project? 
We are seeking men and women between the ages of 18 and 25 years. In order to be eligible to 
participate you will need to be willing to provide two blood samples, and have access to a smart 
phone (with text messaging and internet capabilities). You will have been pre-screened for 
particular dietary requirements and the use of medications that may interfere with the results of the 
study. If you are currently using any anti-depressant medication or have any known food allergies 
please notify your research assistant now.  
 
If you participate, what will you be asked to do? 
Should you agree to take part in this project, you will be asked to attend an initial session during 
which you will complete a computer questionnaire collecting information on your age, gender, 
ethnicity, and general mood. This first visit will take approximately 30 minutes. During this session 
you will be randomly assigned to one of two groups. Participants are to maintain their daily 
routines; however, depending on which group you get assigned to, you may be challenged to think 
about – and change – the way you eat. Some participants will be given food items to consume over 
the duration of the study whereas others may be sent daily text messages. This depends on which 
group you are assigned to. Your research assistant will provide you with more information specific 
to your assigned group shortly. 
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All participants will also attend two (2) clinic visits at the university over a two week period (one 
tomorrow morning and one in two weeks time). A small blood sample (5ml, approximately one 
teaspoon), will be taken each time by a trained nurse.  
 
The 14 day study will begin the same day as this initial laboratory session. Participants will 
undergo ‘tracking’, whereby daily surveys will be sent directly to your mobile phones at 7:00 pm 
(and must be completed before 1:00 am). The surveys will be sent via hyperlink straight to your 
mobile phone, only take a few minutes to complete, and include questions about your mood, what 
you did that day, what you ate.  
 
After the 14 days of filling in these daily-diaries, you will be asked to attend a second lab session to 
complete another brief 15 minute questionnaire, followed by debriefing. You will receive up to 3 
course credits for your participation. Completion of at least 10 daily surveys is required to receive 
this reimbursement in full, in addition to attending both clinic and laboratory sessions.  
 
Is there any risk of discomfort or harm from participation? 
You may experience slight pain during the drawing of blood samples. In some cases minor bruising 
can occur, although this generally disappears in about one to two days. A trained and experienced 
phlebotomist will draw your blood.  
Please know that you can choose to answer only those questions which you feel comfortable 
answering. Also, tracking your emotions may make you more aware of your emotions, if you are 
concerned with how you’re feeling; there are on-campus counselling services available at Student 
Health Services.  
 
What specimens, data or information will be collected, and how will they be used?  
In laboratory sessions, we will collect demographic information (including age, gender, and 
ethnicity) and, information about your general well-being. In text messaging and brief surveys 
delivered to your mobile phones you will be asked questions about various food and drink 
consumption as well as general mood and well-being. This may include, what you at during a 
particular day and how your mood was over the past week.  
 
We are collecting blood samples to provide measures of micro-nutrients and overall health. All 
blood samples will be coded by a study ID number that is not your name. Sample will be stored in 
a securely locked area within the University of Otago and its affiliated clinic facilities. At all times, 
the sample will be stored under a code that only the Principal Investigator can link your name, in an 
anonymous manner. Upon completion your sample will be kept in storage until fully utilized. If 
any blood should be disposed of during the course of the study, you will have the option to have it 
disposed of with an appropriate karakia or have it returned to you.  
 
You will be identified by a study ID number, thus your identity will not be known to those 
conducting the study. Researchers, Tamlin Conner and Kate Brookie will have access to data stored 
with an assigned ID number only. The data will not be able to be linked back to you. At the end of 
the project any personal information will be destroyed immediately, except that, as required by the 
University of Otago’s research policy, any raw data on which the results of the research project 
depend will be retained in secure storage for at least five years.   
The results of the project may be published and will be available in the University of Otago Library 
(Dunedin, New Zealand) with every attempt will be made to preserve your anonymity. 
 
You are most welcome to request a copy of the results following the end of your participation in 
the study and/or a copy of the results of the project should you wish. 
In the event that the surveys ask questions that make your feel hesitant or uncomfortable in any 
way, you are reminded of your right to decline to answer any particular question(s).  
 
What about anonymity and confidentiality? 
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Your data will be identified only by a unique study ID number, not your name or mobile phone 
number. These data will be used for analyses and stored indefinitely – without any personally 
identifying information – in a password protected location within the servers of the psychology 
department.  
 
Extra security precautions will be taken to protect the data sent to and from mobile phones and the 
internet. When you text your reply, the information will be sent to a secure commercial SMS 
server, where it will be stored and only accessed by the Principal Investigator or nominated 
associate. The survey will require you to enter a chosen email address and a password to access the 
survey site. Once you have completed the survey, the information will be automatically encrypted 
and sent to a secure server housed within the Psychology Department. The data collected will be 
securely stored on the server until accessed by the Principal Investigator, with assistant from the 
Psychology Department technician responsible for the server function.  
 
At the end of the project any personal information (contact information, phone numbers etc.) kept 
on file in the lab will be destroyed. All data, which will exist in electronic format only will be 
retained in secure electronic storage and archived indefinitely. Again, you name will not be 
affiliated with these data.  
 
If you agree to participate, can you withdraw later? 




If you have any questions now or in the future, please feel free to contact either: 
Tamlin Conner 
Principal Investigator 
Department of Psychology 
Contact details: 
University telephone number: <redacted>               
Email: <redacted>               
Kate Brookie 
Research Assistant 
Department of Psychology 
Contact details: 
University telephone number: <redacted>               
Email: <redacted>               
 
This study has been approved by the University of Otago Human Ethics Committee (Health; 
H15/010). If you have any concerns about the ethical conduct of the research you may contact the 
Committee through the Human Ethics Committee Administrator (phone +64 3 479 8256 or email 
gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and investigated and 








The Role of Nutrition in Daily Life 
Principal Investigator: Dr. Tamlin Conner   
  
CONSENT FORM FOR PSYCHOLOGY PARTICIPANTS  
 
I have read the Information Sheet concerning this project and understand what it is about.  All my 
questions have been answered to my satisfaction.  I understand that I am free to request further 
information at any stage. 
I know that: 
1. My participation in the project is entirely voluntary. 
 
2. I am free to withdraw from the project at any time without any disadvantage. 
 
3. The questionnaire data will exist in electronic format and will be retained in a secure 
password-protected server in the psychology department. My name will not be identified 
with any of the data. I understand that security precautions have been taken to protect data 
transmitted by texting and the internet. 
 
4. My blood samples will be processed at the University of Otago Christchurch campus for 
various nutrition-related micronutrients including but not limited to vitamin C and serum 
carotenoids. The blood results will be used by the Principal Investigator (T. Conner) and 
her affiliated collaborators to examine hypotheses about the relation between 
micronutrients and psychological well-being.   
 
If any blood should be disposed of during the course of the study, please indicate the 




□ I consent to any remaining samples being disposed of using standard disposal methods.   
□ I wish to have any remaining samples disposed of with appropriate karakia (blessing).   
□ I wish to have any remaining samples returned to me.    
 
6. In terms of risks, I am aware that I may experience slight pain during the drawing of 
blood, and in some cases minor bruising may occur but this will generally disappear in 
about one to two days.  
 
7. My opportunity for compensation may be less than 3 credits if I miss more than four days 
of surveys, do not attend the laboratory or clinic sessions, or do not complete the study.  
Funding is provided by the University of Otago research Grant. The data will be used for 
scientific purposes only, not for commercial purposes.  
 
8. The results of the project may be published and available in the library with every attempt 
made to preserve my anonymity. 
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I agree to take part in this project. 
 
 
.............................................................................   ............................... 





       (Name of participant)    
 
This study has been approved by the University of Otago Human Ethics Committee (#H15/010). If 
you have any concerns about the ethical conduct of the research you may contact the Committee 
through the Human Ethics Committee Administrator (ph 03 479 8256). Any issues you raise will be 







INFORMATION FOR PAID PARTICIPANTS 
 
Study title: Role of Nutrition in Daily Life 
Principal investigator: Name Tamlin Conner 
Department of Psychology 
Senior Lecturer 
Contact phone number: 
<redacted>               
Introduction 
Thank you for showing an interest in this project.  Please read this information sheet carefully. 
Take time to consider and, if you wish, talk with relatives or friends, before deciding whether or 
not to participate.  
If you decide to participate we thank you.  If you decide not to take part there will be no 
disadvantage to you and we thank you for considering our request.  
  
What is the aim of this research project? 
We are attempting to gain an understanding of factors that contribute to variation in young adults’ 
health and well-being. Specifically, we are interested in how various lifestyle factors may 
contribute to daily experiences of health and vitality. Studies have linked various patterns of eating 
to aspects of positive and negative psychological well-being. Young adults, notably students, are 
especially at risk of consuming insufficient vitamins and nutrients associated with foods such as 
complex carbohydrates, and fruits and vegetables. Results of this study will help inform the 
relationship between nutrition, health, and psychological factors.  
 
Who is funding this project? 
This project is funded by a University of Otago Research Grant. 
 
Who are we seeking to participate in the project? 
We are seeking men and women between the ages of 18 and 25 years. In order to be eligible to 
participate you will need to be willing to provide two blood samples, and have access to a smart 
phone (with text messaging and internet capabilities). You will have been pre-screened for 
particular dietary requirements and the use of medications that may interfere with the results of the 
study. If you are currently using any anti-depressant medication or have any known food allergies 
please notify your research assistant now.  
 
If you participate, what will you be asked to do? 
Should you agree to take part in this project, you will be asked to attend an initial session during 
which you will complete a computer questionnaire collecting information on your age, gender, 
ethnicity, and general mood. This first visit will take approximately 40 minutes. During this session 
you will be randomly assigned to one of two groups. Participants are to maintain their daily 
routines; however, depending on which group you get assigned to, you may be challenged to think 
about – and change – the way you eat. Some participants will be given food items to consume over 
the duration of the study whereas others may be sent daily text messages. This depends on which 
group you are assigned to. Your research assistant will provide you with more information specific 
to your assigned group shortly. 
 
All participants will also attend two (2) clinic visits at the university over a two week period. A 
small blood sample (5ml, approximately one teaspoon), will be taken each time by a trained nurse.  




The 14 day study will begin the same day as this initial laboratory session. Participants will 
undergo ‘tracking’, whereby daily surveys will be sent directly to your mobile phones at 7:00 pm 
(and must be completed before 1:00 am). The surveys will be sent via hyperlink straight to your 
mobile phone, only take a few minutes to complete, and include questions about your mood, what 
you did that day, what you ate.  
 
After the 14 days of filling in these daily-diaries, you will be asked to attend a second lab session to 
complete another brief 15 minute questionnaire, followed by debriefing. You will receive up to $40 
cash as reimbursement for costs encountered over the course of the study. Completion of at least 10 
daily surveys is required to receive this reimbursement in full, in addition to attending all clinic and 
laboratory sessions.  
 
Is there any risk of discomfort or harm from participation? 
You may experience slight pain during the drawing of blood samples. In some cases minor bruising 
can occur, although this generally disappears in about one to two days. A trained and experienced 
phlebotomist will draw your blood.  
Please know that you can choose to answer only those questions which you feel comfortable 
answering. Also, tracking your emotions may make you more aware of your emotions, if you are 
concerned with how you’re feeling; there are on-campus counselling services available at Student 
Health Services.  
 
What specimens, data or information will be collected, and how will they be used?  
In laboratory sessions, we will collect demographic information (including age, gender, and 
ethnicity) and, information about your general well-being. In text messaging and brief surveys 
delivered to your mobile phones you will be asked questions about various food and drink 
consumption as well as general mood and well-being. This may include, what you at during a 
particular day and how your mood was over the past week.  
 
We are collecting blood samples to provide measures of micro-nutrients and overall health. All 
blood samples will be coded by a study ID number that is not your name. Sample will be stored in 
a securely locked area within the University of Otago and its affiliated clinic facilities. At all times, 
the sample will be stored under a code that only the Principal Investigator can link your name, in an 
anonymous manner. Upon completion your sample will be kept in storage until fully utilized. If 
any blood should be disposed of during the course of the study, you will have the option to have it 
disposed of with an appropriate karakia or have it returned to you.  
 
You will be identified by a study ID number, thus your identity will not be known to those 
conducting the study. Researchers, Tamlin Conner and Kate Brookie will have access to data stored 
with an assigned ID number only. The data will not be able to be linked back to you. At the end of 
the project any personal information will be destroyed immediately, except that, as required by the 
University of Otago’s research policy, any raw data on which the results of the research project 
depend will be retained in secure storage for at least five years.   
The results of the project may be published and will be available in the University of Otago Library 
(Dunedin, New Zealand) with every attempt will be made to preserve your anonymity. 
 
You are most welcome to request a copy of the results following the end of your participation in 
the study and/or a copy of the results of the project should you wish. 
In the event that the surveys ask questions that make your feel hesitant or uncomfortable in any 
way, you are reminded of your right to decline to answer any particular question(s).  
 
What about anonymity and confidentiality? 
Your data will be identified only by a unique study ID number, not your name or mobile phone 
number. These data will be used for analyses and stored indefinitely – without any personally 
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identifying information – in a password protected location within the servers of the psychology 
department.  
 
Extra security precautions will be taken to protect the data sent to and from mobile phones and the 
internet. When you text your reply, the information will be sent to a secure commercial SMS 
server, where it will be stored and only accessed by the Principal Investigator or nominated 
associate. The survey will require you to enter a chosen email address and a password to access the 
survey site. Once you have completed the survey, the information will be automatically encrypted 
and sent to a secure server housed within the Psychology Department. The data collected will be 
securely stored on the server until accessed by the Principal Investigator, with assistant from the 
Psychology Department technician responsible for the server function.  
 
At the end of the project any personal information (contact information, phone numbers etc.) kept 
on file in the lab will be destroyed. All data, which will exist in electronic format only will be 
retained in secure electronic storage and archived indefinitely. Again, you name will not be 
affiliated with these data.  
 
If you agree to participate, can you withdraw later? 




If you have any questions now or in the future, please feel free to contact either: 
Tamlin Conner 
Principal Investigator 
Department of Psychology 
Contact details: 
University telephone number: <redacted>               
Email: <redacted>               
Kate Brookie 
Research Assistant 
Department of Psychology 
Contact details: 
University telephone number: <redacted>               
Email: <redacted>               
 
This study has been approved by the University of Otago Human Ethics Committee (Health; 
H15/010). If you have any concerns about the ethical conduct of the research you may contact the 
Committee through the Human Ethics Committee Administrator (phone +64 3 479 8256 or email 
gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and investigated and 
you will be informed of the outcome. 
  







The Role of Nutrition in Daily Life 
Principal Investigator: Dr. Tamlin Conner  (contact details redacted) 
 
CONSENT FORM FOR PAID PARTICIPANTS 
 
I have read the Information Sheet concerning this project and understand what it is about.  All my 
questions have been answered to my satisfaction.  I understand that I am free to request further 
information at any stage. 
I know that: 
 
1. My participation in the project is entirely voluntary. 
2. I am free to withdraw from the project at any time without any disadvantage. 
3. The questionnaire data will exist in electronic format and will be retained in a secure 
password-protected server in the psychology department. My name will not be identified 
with any of the data. I understand that security precautions have been taken to protect data 
transmitted by texting and the internet. 
 
4. My blood samples will be processed at the University of Otago Christchurch campus for 
various nutrition-related micronutrients including but not limited to vitamin C and serum 
carotenoids. The blood results will be used by the Principal Investigator (T. Conner) and 
her affiliated collaborators to examine hypotheses about the relation between 
micronutrients and psychological well-being.   
 
If any blood should be disposed of during the course of the study, please indicate the following:   
 
CHOOSE ONE: 
□ I consent to any remaining samples being disposed of using standard disposal methods.   
□ I wish to have any remaining samples disposed of with appropriate karakia (blessing).   
□ I wish to have any remaining samples returned to me.    
 
1. In terms of risks, I am aware that I may experience slight pain during the drawing of blood, 
and in some cases minor bruising may occur but this will generally disappear in about one 
to two days.  
 
2. My opportunity for compensation may be less than $40 if I miss more than four days of 
surveys, do not attend the laboratory or clinic sessions, or do not complete the study.  
Funding is provided by the University of Otago research Grant. The data will be used for 
scientific purposes only, not for commercial purposes.  
 
3. The results of the project may be published and available in the library with every attempt 





I agree to take part in this project. 
 
 
.............................................................................   ............................... 





       (Name of participant)    
 
This study has been approved by the University of Otago Human Ethics Committee (#H15/010). If 
you have any concerns about the ethical conduct of the research you may contact the Committee 
through the Human Ethics Committee Administrator (ph 03 479 8256). Any issues you raise will be 
treated in confidence and investigated and you will be informed of the outcome. 
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Appendix 7. List of Measures (Study 2) 
 
Note: The following measures are presented in order of appearance in each survey (initial, daily 






**Center for Epidemiologic Studies Depression Scale (CES-D; Radloff, 1977) 
 
**Hospital Anxiety and Depression Scale- Anxiety Subscale (HADS-A; Zigmond & Snaith, 
1983)  
 
How old are you?   ________ 
 
What is your gender?  
 
___0__Male __1___Female __2___Other 
 
What year at university are you?  
___1__ 1st year  
___2__ 2nd year   
___3__ 3rd year   
___4__ 4th or 5
th
 year undergraduate (e.g., double degree, honours, etc.) 
___5__ postgraduate: Masters, PgDip, DipGrad 
___6__ postgraduate: PhD student 
___7__ not currently a student 
 
How would you describe your origin? (Please tick the box that best applies to you) 
__1__ Māori 
__2__ New Zealand European / Pākehā 
__3__ Pacific Islander 
__4__ Asian 
__5__ Indian   
__6__ African-Caribbean   
__7__ other European (UK, American, Canadian, South African etc.) 
__8__   other: Please describe ________________________  
 
What type of accommodation do you currently live in while you are attending University? 
_1_ Residential College  
_2_ Flatting  
_3_ Parental home 
_4_ In a home you own 
_5_ Boarding 
_6_ In a studio room 






Choose from the following situations that best describes the purchasing, preparation, and 
cooking of your food 
_1_ I mainly eat at my Residential College  
_2_ I mainly buy food and cook as a flat or in a group  
_3_ My parents mainly cook my food 
_4_ I mainly purchase food and cook by myself 




DAILY DIARY SURVEY 
Please answer these questions about your experiences today. Measures were adapted for daily 
format. 
 
Circumplex Mood Items (based on Barrett & Russell, 1999) 
Today, I felt… 
 
 Not at all Slightly Moderatel
y 
Very much Extremely 
happy 0 1 2 3 4 
anxious 0 1 2 3 4 
angry 0 1 2 3 4 
enthusiastic 0 1 2 3 4 
relaxed 0 1 2 3 4 
sad 0 1 2 3 4 
 






























Today, I led a 
purposeful and 
meaningful life. 
       
Today, I was engaged 
and interested in my 
daily activities. 
       
Today, I was a good 
person and lived a 
good life. 
       
 
 
Short-Form-36 (Ware & Sherbourne, 1992) Self-rated health 
 
Short-Form-36 (Ware & Sherbourne, 1992) Vitality Subscale 
 
Daily Physical Activity 
 
How much time did you spend doing vigorous and moderate physical activities TODAY? 
_____minutes 
 
(Shortened) Daily Curiosity Index (based on Curiosity and Exploration Inventory-II; CEI-II; 
Kashdan et al., 2009).  














How curious were you 
today? (did you seek new 
things or experiences; look 
for opportunities to 
challenge yourself and grow 
as a person; or embrace the 
unfamiliar) 
     
How creative were you 
today? (did you come up 
with novel or original ideas; 
express yourself in an 
original and useful way; or 
spend time doing artistic 
activities like, music, 
painting, writing, etc.)  
     
How motivated were you 
today? (did you work 
towards your goals, or feel 
driven today) 
     
 
Single-item Daily Creativity measure 
 










How creative were you 
today? (did you come up 
with novel or original ideas; 
express yourself in an 
original and useful way; or 
spend time doing artistic 
activities like, music, 
painting, writing, etc.) 
     
 
Single-item Daily Motivation measure 
 










How motivated were you 
today? (did you work 
towards your goals, or feel 
driven today) 
     
 
New Zealand Adult Nutrition Survey 2008/2009 (modified from ANS08/09; University of 
Otago and Ministry of Health, 2011) 
 
INSTRUCTIONS: Now think about what you’ve eaten today, since waking up this morning. 
Remember to include all snacks and meals for the day including dinner. One serving size is roughly 
the amount you can fit in the palm of your hand.  
 
How many servings of vegetables (fresh, frozen, or canned) did you eat? Do not include vegetable 
juices or hot chips. 1 serving = 1 large carrot or ½ cup cooked vegetables or 1 cup of salad  
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Pull down menu (none, <1 serving, 1 serving, 2 servings, 3 servings, 4 servings, 5 or more 
servings) 
 
How many servings of lollies, sweets, chocolate, or other confectionary items did you eat 
TODAY? 1 serving = one regular sized chocolate bar 
Pull down menu (none, <1 serving, 1 serving, 2 servings, 3 servings, 4 servings, 5 or more 
servings) 
 
How many servings of fruit did you eat? Do not include fruit juice or dried fruit. 1 serving = 1 
apple or 1 banana or 2 kiwifruits  
Pull down menu (none, <1 serving, 1 serving, 2 servings, 3 servings, 4 servings, 5 or more 
servings) 
 
How many servings of hot chips, French fries, wedges, or kumara chips did you eat? 1 serving 
= one cup or 1 small/regular fast food serving or ½ scoop of takeaway hot chips. 




FOLLOW UP SURVEY 
** All measures starred above are repeated in the follow up survey 
 
Instructions. This section includes questions related to medication, vitamin use, and skincare over 
the last two weeks. If you feel uncomfortable answering any question, feel free to skip that 
question. In the LAST 2 WEEKS, have you taken: 
 
1. any prescription anti-depressant or mood stabilizing medications? 
YES  NO  (1 = yes; 0 = no) 
 
2. any other prescription medication EXCEPT pain relief, flu medication/decongestant, 
antifungal or antiviral medication, short-term antibiotics, or oral contraceptives: 
YES  NO 
 
3. an oral contraceptive? 
YES NO    N/A – select if male  
If yes, please state the pill brand if known (e.g., Premia or Provera or any others) 
_____________________ 
 
4. any multivitamin and/or mineral supplements, e.g. Blackmores sustained release multi, 
Centrum multivitamin & mineral supplement, Thompson's Multifort? 
YES NO 
If yes, please state the type of supplement and brand if known: 
_____________________  
How frequently have you taken one dose of the supplement (one capsule, tablet, teaspoon 
(5 ml))?  




I have not 
taken 
multivitamins 



















5. any Vitamin C supplement, e.g., Thompson’s Vitamin C, Ester C, Healtheries Vit C? 
YES NO 
If yes, please state the type of supplement and brand if known: 
_____________________  
How frequently have you taken one dose of the supplement (one capsule, tablet, teaspoon (5 
ml))? 
 
I have not 
taken 
multivitamins 



















6. any B Vitamin supplement, e.g., Blackmores Executive B Stress Formula, Healtheries B 
Complex Supreme? 
YES NO 
If yes, please state the type of supplement and brand if known: 
_____________________ 
How frequently have you taken one dose of the supplement (one capsule, tablet, teaspoon 
(5 ml))? 
 
I have not 
taken 
multivitamins 



















7. any vitamin D supplements, either PURE OR COMBINED (but not a multivitamin 
and/or mineral supplement), e.g. cod liver oil, calcium with vitamin D? 
YES NO 
If yes, please state the type of supplement and brand if known:  
_____________________ 
How frequently have you taken one dose of the supplement (one capsule, tablet, teaspoon 




























How often do you currently smoke? 
I don't smoke now 
Less than once a month 
At least once a month 
At least once a week 
At least once a day 
 
Psychological Expectancy items  
  Very 
Slightly or 
Not at All 
A 
Little 
Moderately Quite a 
Bit 
Extremely N/A 
  0 1 2 3 4 5 
1. How important do you 
think food is to your 
overall health? 
      
2. Did you feel that eating 
fruits and vegetables 
improved your mood during 
these two weeks? 
      
3.  Do you think that eating 
fruits and vegetables is 
virtuous (righteous, good, 
moral)? 
      
4. Do you feel better about 
yourself when you eat more 
fruits and vegetables? 
      
5. Did you feel that eating 
confectionary worsened 
your mood during these 
two weeks? 
      
6. Do you think that eating 
very little confectionary 
is virtuous (righteous, 
good, moral)? 
      
7. Do you you feel better 
about yourself when you 
eat less confectionary? 
      
8. Did you feel that eating 
hot chips worsened your 
mood during these two 
weeks? 
      
9. Do you think that a diet 
low in hot chips is 
virtuous (righteous, good, 
      






10. Do you you feel better 
about yourself when you 
eat fewer hot chips? 
      
11. How important do you 
think the image of ‘being 
healthy’ is to the young 
adult population? 
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Appendix 8. Clinic and blood processing procedures (Study 2) 
 
BIOMETRICS (instructions for clinic procedure) 
 
1. Ask participant to remove any hair gear that may impact on the accuracy of the measurement, 
eg. bows, ribbons etc. on the top of the head 
2. Ask participant to stand on the centre of the stadiometer’s base with their back towards the wall 
3. Ask participant to stand with their feet 2-3cm apart and move back until their heels touch the 
bottom of the upright pole’s base, and their buttocks and upper part of back touches the pole 
(head does not have to be in contact with the equipment) 
4. Ask participant to stand up straight and look straight ahead 
5. Ensure participant’s head is in the Frankfort plane – the orbitale, lower edge of the eye socket 
horizontally aligned with the tragion, the middle of the ear canal (see Figure). If the 
participant’s ear cannot be seen due to hair, ask participant to move hair on the relevant side 
behind the ear until measurement complete 
 
 
6. Once the participant is in the correct position, ask them to take a deep breath and hold it 
7. Lower the headboard gently until it is in contact with the participant’s head 
8. Make sure you are at eye level with the participant before taking the reading, and record the 
reading to the nearest 0.1cm on the Clinic Log Sheet 
9. Ask participant to exhale, lift the headboard, and then repeat steps 4.-8. to obtain a duplicate 
measure 
10. An additional measure is required if the duplicate measures differ by more than 0.5cm 
11. Ask participant to step off the stadiometer 
12. Wipe stadiometer after each participant with a cleaning wipe 
13. Show participant the scale, and ask them to wait by the scale until you ask them to step on. 
14. Ask the participant to step on the scales facing away from the screen (so they cannot see their 
weight). 
15. Record weight on the log sheet. 
16. Wipe scales after each participant with a cleaning wipe. 
 
BLOOD PROCESSING (post-collection procedure) 
 
Note: all persons working with blood sample had a full course of hepatitis B vaccination and 
confirmation of their current immunity.  
 
4mL purple top tube: 
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1. Keep samples in cooler during the running of the clinic so they do not touch the freeze block 
and are in the dark 
2. Once all samples are collected, check that stickers for other than standard disposal methods 
still in place and transfer samples into the A4 envelope 
3. Transport blood samples to the biochemistry lab for centifusion 
 
Materials needed in lab: 
 lab coat and disposable gloves 
 extra 4ml purple top tube for balancing samples in centrifuge if needed 
 Digital scales for weighing tubes 
 stand for samples in progress 
 square microcentrifuge tube holder boxes for freezer storage – study abbreviation (RNDL 
2015), responsible person’s name and phone number (Laura, 027 XXXXX), and box 
number 
 1.5 mL microcentrifuge tubes with lids – marked with the ID on the side + A, B, C, or D 
(A and B are for the first clinic visit samples where C and D are for the second clinic visit 
sample), a single unique letter (A-R) combined with 1, 2, 3 and 4 for sequence on the top 
(for each freezer box), eg for sample 001 put 001 + A, B, C, or D on the side of the four 
tubes, then D1, D2, D3, and D4 on the top (to indicate the location in each freezer box) 
 spare microcentrifuge tubes 
 air displacement pipette – set to 700μL 
 sharps disposal bucket – use a small bucket on top of the bench, and empty after use into a 
large bucket on the floor 
 2 biohazard plastic bags – for samples requiring karakia and return marked ‘DLS karakia’ 
and ‘DLS ‘return’ respectively 
 
Steps: 
1. After clinic session is finished and all samples for the day have been collected, take samples 
to the 7
th
 floor Human Nutrition laboratory and place next to centrifuge. Keep cool but not 
touching the ice pack until processing. 
2. Begin centrifuge as soon as all blood samples have been collected from the clinic for the day. 
3. Prepare all materials (see above) to work with the samples. If this is the second clinic visit, 
find freezer box location. 
4. Turn off the lights before taking samples out of the cooler (check with other people in the lab 
first). 
 Place samples in centrifuge evenly, balancing for number, placement and content – use an 
extra tube filled with water if needed for balance – ask lab staff if you have never done this 
before. 
4. Centrifuge samples for 10 minutes at 1000 g at 4ºC (program # 5). 
5. After the samples have been centrifuged, work with the samples on a bench that is available.  
5. Use pipette to transfer half of the plasma (top white/clear layer) into one microcentrifuge 
tube and half into another centrifuge tube (even amounts). Take care not to pipette too close 
to the buffy coat. Change the pipette tip between samples. 
6. Place into other freezer box (iron). 
7.  Fill in Clinic label system for each participant with location e.g., FB1A, description of 
location in the lab, and date for clinic visit. 
8. Place holder boxes with serum into a –80° freezer. 
9. Note relative freezer location of samples and return cooler and carry bag to clinic. 
10. Dispose of ‘standard disposal’ sample leftovers by placing them in a biohazard container. 
11. Freeze ‘karakia’ and ‘return’ sample leftovers at –80° in a biohazard plastic bags. 
12. After all samples have been processed and frozen for two overlapping waves, contact 
participants who requested the return of their sample and arrange for them to pick it up at the 
end of their day at the university so they can take it straight home. 
13. Contact lab at Biochemistry to arrange karakia 
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Appendix 9. Supplementary Analyses (Study 2) 
 
Mood 
This section presents the results of supplementary analyses testing the three negative mood 
items (sad, anxious, angry) and three positive mood items (relaxed, happy, enthusiastic) separately. 
Results are shown in Table 1. Happy showed significant group differences in change over time. 
Analysis of simple slopes showed that happiness was stable over time for participants in the fruit 
and vegetable intervention (FVI) condition (B(SE)= -0.001(0.006), p = .845), but decreased for 
participants in the ecological momentary intervention (EMI) condition (B(SE) = -0.034(0.010), p = 
.001) and control condition (B(SE)= -0.012(0.008), p = .018). The slopes were significantly 
different only between the FVI and EMI conditions (p = .008).  Enthusiastic showed trend group 
differences between the FVI and EMI conditions (p = .070). Analysis of simple slopes showed that 
enthusiasm was stable over time for participants in the FVI condition (B(SE) = 0.002(0.009), p = 
.840) and for participants in the control condition (B(SE) = -0.006(0.008), p = .453) but decreased 





Table 1.  
Results from growth curve multilevel modelling testing for changes in the six mood outcomes 
Mood Outcome           
Sad G Coef SE p  Coef SE p 
Control Day 1 G00 0.576 0.079 < 0.001     
EMI Day 1 diff G01 0.022 0.114 0.849     
FVI Day 1 diff G02 0.137 0.108 0.204     
Ethnicity G03 0.027 0.090 0.767     
Control Change G10 0.013 0.008 0.089     
EMI Change diff G11 -0.004 0.012 0.760 EMI Δ 0.010 0.009 0.287 
FVI Change diff G12 -0.016 0.011 0.144 FVI Δ diff -0.012 0.012 0.303 
Anxious G Coef SE p     
Control Day 1 G00 1.103 0.113 < 0.001     
EMI Day 1 diff G01 -0.120 0.140 0.391     
FVI Day 1 diff G02 0.008 0.143 0.955     
Ethnicity G03 -0.120 0.108 0.269     
Control Change G10 0.013 0.010 0.175     
EMI Change diff G11 -0.006 0.015 0.657 EMI Δ 0.007 0.011 0.568 
FVI Change diff G12 -0.015 0.012 0.243 FVI Δ diff -0.008 0.014 0.563 
Angry G Coef SE p     
Control Day 1 G00 0.548 0.074 < 0.001     
EMI Day 1 diff G01 -0.108 0.104 0.303     
FVI Day 1 diff G02 0.005 0.102 0.965     
Ethnicity G03 0.023 0.076 0.764     
Control Change G10 0.006 0.007 0.470     
EMI Change diff G11 0.006 0.011 0.575 EMI Δ 0.012 0.008 0.135 
FVI Change diff G12 -0.007 0.010 0.466 FVI Δ diff -0.006 0.011 0.575 
Note. Significant intervention effects are bolded. Coef = coefficient from Hierarchical Linear 
Modeling; SE = Robust standard error; diff = difference in coefficient; EMI = ecological 
momentary intervention condition; FVI = fruit and vegetable intervention condition; Δ = change. 
Degrees of freedom were 167 for G00 – G03 and 168 for G10 – G12.  
 
Relaxed G Coef SE p  Coef SE p 
Control Day 1 G00 1.941  0.111 < 0.001     
EMI Day 1 diff  G01 0.323 0.144 0.026     
FVI Day 1 diff G02 0.108 0.131 0.819     
Ethnicity G03 -0.067 0.094 0.478     
Control Change (Δ) G10 -0.018 0.011 0.096     
EMI Change diff G11 -0.008 0.016 0.606 EMI Δ  -0.026 0.011 0.024 
FVI Change diff G12 -0.009 0.014 0.487 FVI Δ diff -0.001 0.014 0.929 
Happy G Coef SE p     
Control Day 1 G00 2.632 0.083 < 0.001     
EMI Day 1 diff G01 0.072 0.125 0.567     
FVI Day 1 diff G02 -0.114 0.101 0.262     
Ethnicity G03 -0.195 0.087 0.026     
Control Change G10 -0.020 0.008 0.018     
EMI Change diff G11 -0.014 0.013 0.292 EMI Δ -0.034 0.010 0.001 
FVI Change diff G12 0.019 0.011 0.082 FVI Δ diff 0.032 0.012 0.008 
Enthusiastic G Coef SE p     
Control Day 1 G00 1.864 0.115 < 0.001     
EMI Day 1 diff  G01 0.206 0.153 0.180     
FVI Day 1 diff G02 0.035 0.143 0.809     
Ethnicity G03 -0.145 0.110 0.188     
Control Change G10 -0.006 0.008 0.453     
EMI Change diff G11 -0.017 0.014 0.203 EMI Δ -0.024 0.011 0.025 
FVI Change diff G12 0.008 0.013 0.513 FVI Δ diff 0.026 0.014 0.070 
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Eudaimonic behaviours  
This section presents the results of supplementary analyses testing the three flourishing 
behaviour items separately (curious, creative, motivated). Results are shown below in Table 2. 
Participants in the FVI condition showed significantly different growth patterns in curiosity 
compared to both the control condition and the EMI condition (G12 coefficients). Analysis of 
simple slopes showed that curiosity was stable over time for participants in FVI condition (B(SE)= 
0.004(0.008), p = .631) but decreased for participants in the control and EMI conditions (control 
B(SE) = -0.018(0.008), p = .018; EMI B(SE)= -0.026(0.008), p = .001). The findings for creativity 
showed a trend difference in the growth trajectories between the FVI and control conditions.  
Analysis of simple slopes showed that creativity was stable over time for all three groups, but the 
direction of growth (i.e., the sign of the coefficient) was positive for FVI participants (B(SE)= 
0.013(0.009), p = .158), neutral for EMI participants (B(SE)= 0.001(0.008), p = .893) and negative 
for control participants (B(SE) = -0.006(0.007), p = .373). Lastly, participants in the FVI group 
showed significant growth patterns in motivation compared to the control group. Analysis of 
simple slopes showed that motivation increased over time for participants in the FVI condition 
(B(SE)= 0.019(0.010), p = .045) but was unchanged for participants in the control and EMI 
conditions (control B(SE) = -0.011(0.008), p = .218; EMI B(SE)= -0.005(0.011), p = .652).    
In terms of effect sizes, being assigned to the FVI condition (vs. control) predicted 10.4% 
of the variance in the growth in curiosity, 1.8% of the growth in creativity, and 6.0% of the growth 
in motivation using variance-explained effect size estimates of the time slopes (Raudenbush, & 





Table 2.  
Results from growth curve multilevel modelling testing for changes in the three flourishing 
behavior outcomes across the two week intervention period and differences between the control, 
ecological momentary intervention (EMI), and fruit and vegetable intervention (FVI) conditions. 
Significant intervention effects are bolded. 
 
Outcome           
         
Curious G Coef SE p  Coef SE p 
Control Day 1 G00 1.490  0.115 < 0.001     
EMI Day 1 diff  G01 -0.014 0.140 0.923     
FVI Day 1 diff G02 -0.049 0.132 0.706     
Ethnicity G03 0.040 0.111 0.722     
Control Change (Δ) G10 -0.018 0.008 0.018     
EMI Change diff G11 -0.007 0.011 0.490 EMI Δ  -0.026 0.008 0.002 
FVI Change diff G12 0.022 0.011 0.043 FVI Δ diff 0.029 0.011 0.009 
Creative G Coef SE p     
Control Day 1 G00 1.205 0.119 < 0.001     
EMI Day 1 diff G01 -0.247 0.137 0.073     
FVI Day 1 diff G02 -0.105 0.140 0.457     
Ethnicity G03 0.067 0.111 0.547     
Control Change G10 -0.006 0.007 0.373     
EMI Change diff G11 0.007 0.011 0.499 EMI Δ 0.001 0.008 0.893 
FVI Change diff G12 0.019 0.012 0.097 FVI Δ diff 0.012 0.012 0.344 
Motivated G Coef SE p     
Control Day 1 G00 1.945 0.116 < 0.001     
EMI Day 1 diff  G01 0.007 0.148 0.964     
FVI Day 1 diff G02 -0.177 0.141 0.212     
Ethnicity G03 0.042 0.104 0.683     
Control Change G10 -0.011 0.008 0.218     
EMI Change diff G11 0.006 0.014 0.671 EMI Δ -0.005 0.011 0.652 
FVI Change diff G12 0.030 0.013 0.022 FVI Δ diff 0.024 0.015 0.098 
Note. Coef = coefficient from Hierarchical Linear Modeling; SE = Robust standard error; diff = 
difference in coefficient; EMI = ecological momentary intervention condition; FVI = fruit and 
vegetable intervention condition; Δ = change. Degrees of freedom were 167 for G00 – G03 and 168 
for G10 – G12.  
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Appendix 10: Information and Consent Sheet (Study 3) 
 
Information Sheet & Consent Form (completed online) 
 
Lifestyles of Young Adults Survey 
 
We are seeking young adults ages 18 to 25 to complete a survey to better understand the 
relationship between lifestyle factors and mental well-being. The only requirement is that 
participants are in the young adult age range – aged 18 to 25. 
 
What will you be asked to do?  
Complete an online survey about your demographic characteristics, lifestyle factors, and mental 
well-being. We are collecting data about your demographic characteristics (e.g., age, gender 
identity, ethnicity, socio-economic status, and employment status), health and lifestyle (e.g., typical 
consumption of fruit, vegetables, and other foods, food allergies, alcohol consumption, exercise, 
smoking, and medication), and mental well-being (e.g., happiness, life satisfaction, low or anxious 
mood, and personality).   
 
The survey will take approximately 45 minutes to complete, for which you will be given an 
opportunity to receive 1 research credit by completing an educational worksheet based on your 
participation [or entry into a drawing for $100 cash for non-Psychology students with 1 in 40 odds 
of winning; or a small cash payment for MTurk participants].      
 
You can be confident that your survey responses will remain anonymous. Your identity will not be 
linked to the data. Researchers will have access to data stored with an assigned ID number only. No 
material that could personally identify you will be used in any reports on this study. The data may 
be publicly archived to be used by other researchers, but any information that could identify you 
will be removed or changed including uniquely-identifying ethnicity, gender or lifestyle 
information.  
 
Can you change your mind and withdraw from the project? 
Yes, of course.  You may withdraw from the survey at any time without any disadvantage to 
yourself. However, to receive the 1 research credit [or entry into a drawing for $100 cash for non-
Psychology students; or a small cash payment for MTurk participants], you need to complete the 
survey. 
 
By clicking on the link below, you are consenting to take part in this survey: 
□ I agree to take part in this project 
 
Please provide a way for us to contact you: 
For Psychology Students: 
Please enter your contact details to receive your research credit and debriefing information by 
email. Your contact information will not be linked to your survey responses. 




For Non-Psychology Students: 
Please enter a mobile phone number so we can contact you if you are the cash prize winner. Your 
phone number will not be linked to your survey responses, nor will it be retained or used in any 




Mobile phone number (021 XXX XXXX) 
 
START THE SURVEY 
< URL TBD > 
 
 
Your participation and survey responses are confidential. This study is being led by Dr Tamlin 
Conner in the Psychology Department at the University of Otago. This research has been 
approved by the OU Psychology Department Ethics committee (Number: (#D17/158). 
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Appendix 11. List of Measures (Study 3) 
Note: The following measures are presented in order of appearance in the daily diary. This list 
excludes additional measures not featured in this thesis.  
 
DEMOGRAPHICS 
How old are you?   
Response options: Pull down ≤ 17 to 26+ (coded 17 to 26) [if they select ‘17’ or ‘26+’, then 
they will be told they are not eligible to complete the remainder of the survey, as we are only 
recruiting 18 to 25 year olds] 
What is your gender? 
___0__Male 
 __1___Female 
 __2___Gender Diverse 
 
How would you describe your ethnicity? Please select all boxes that apply to you 











Native American  
Pacific Islander  
Persian/Arabic  
Other – please describe [Free text] 
 
 
What type of accommodation do you currently live in? 
_1_ University Residential Hall or Dormitory  
_2_ Flatting / sharing an apartment or house with others 
_3_ Parental home 
_4_ In a home you own 
_5_ Boarding 
_6_ In a studio room 
_7_ Living with a spouse / partner  
_8_ Other: Please describe_____________________________________ 
 






_3_ Unsure – please describe (Free Text) 
 
Please describe your level of education: 
___1___ Did not complete high school 
___2___ Completed high school 
___3___ Currently attending University, Polytechnic, or other tertiary institution for 
undergraduate degree 
___4___ Completed undergraduate degree at University, Polytechnic or other tertiary 
institution. 
___5___Currently attending University, Polytechnic, or other tertiary institution for higher 
degree  
___6___ Completed higher degree at University, Polytechnic or other tertiary institution 
 
What is your current employment status?  
 Select all that apply 
Full-time student   
Part-time student  
Full-time work  
Part-time work  
Unemployed  
 
Socio-Economic Status (Childhood and Current; based on Griskevicius et al., 2011) 
 
HEALTH BEHAVIOURS  
 
How is your health in general? Would you say it is: 
5. Very good 
4. Good 
3. Fair 
2. Bad, or 
1. Very bad 
 
Basic Nordic Sleep Questionnaire (Partinen & Gislason, 1995.)  
 
Physical Activity (Milton, Bull & Bauman, 2009.)  
 
ATTENTION CHECK 1 
Participating in sports can be a fun and popular way to increase physical activity. This question is 
checking that you are reading the instructions. To show that you have read these instructions, 
please ignore the question below and instead select the answer 'other' and type the word 'attention' 
into the text box. 
 
Which of the following team sports do you play? 










Other Free text 
 
What is your weight? 
______ kg or ______ lbs.  
[pull down menu 25 kg to 150 kg]   
[pull down menu 50 lbs. to 300 lbs.]   
 
What is your height? 
______ cm or ______ ft.   
[pull down menu 120 cm to 215 cm] 
[pull down menu 4”0’ feet/inches to 7”0’ feet/inches 
 
 
Do you have any of the following health conditions?  
 
 Select all that apply 
Diabetes (Type 1)  
Diabetes (Type 2) – adult onset  
Hypertension  
History of cancer  
Osteoporosis  
Disordered eating behaviours  
Cardiovascular disease  
Anemia  
Chronic Fatigue Syndrome  
Irritable Bowel Syndrome or Crohn’s 
Disease 
 





ATTENTION CHECK 2 
How many days in a week do you drink coffee? This question is checking that you are reading the 
instructions. To show that you have read these instructions, please select the answer '8 days per 
week'. 
Response options: 0 days per week to 8 days per week 
- If 8 days per week is not selected, survey is terminated. 
 
Raw Vegetables 
1. How many days in a week do you eat raw vegetables? For example salads, carrots etc.  Do not 
include vegetable juice. 
Response options: 0 days per week to 7 days per week 
 
If 1-7 then: 
276 
 
2. On a day when you eat raw vegetables, how many servings of raw vegetables do you usually 
eat? 
1 serving = 1 cup of salad or 1 large carrot 
Response options: 1 – 7+ servings 
 
3. What types of raw vegetables do you usually eat? Please select all that apply. 
 




Spinach or other leafy greens e.g. kale, 




Capsicum / Bell pepper  
Beetroot / Beets  
Celery  
Mushrooms  
Red onion  
Other (please specify) [Free text] 
 
Cooked Vegetables 
1. How many days in a week do you eat cooked, frozen, or canned/tinned vegetables? For 
example vegetables cooked in a curry or stew; roast, boiled or steamed vegetables; canned/tinned 
tomatoes, green beans; frozen veggie mixes. (Do not include hot chips/French fries, kumara chips 
or deep fried potatoes; Do not include legumes such as baked beans, kidney beans, chick peas etc.).  
Response options: 0 days per week to 7 days per week 
 
If 1-7 then: 
2. On a day when you eat cooked, frozen, or canned/tinned vegetables, how many servings of 
cooked, frozen, or canned/tinned vegetables do you usually eat? 
1 serving = ½ cup of cooked or frozen vegetables or ½ tin of canned vegetables etc. 
Response options: 1 - 7+ servings 
 
3. What types of cooked, frozen, or canned/tinned vegetables do you usually eat? Please select all 
that apply. 
 





Tomatoes (canned/tinned)  






FRUIT, VEGETABLES, AND MENTAL WELL-BEING   277 
 
 
Zucchini / Courgette  
Eggplant /  Aubergine  
Beetroot / Beets  
Mushroom  
Pumpkin  
Green Beans  
Capsicum or Bell Pepper  
Spinach or other leafy greens e.g. kale, bok choy, silver beet  
Mixed frozen vegetables  
Other (please specify) [Free text] 
 
Raw Fruit 
1. How many days in a typical week do you eat raw fruits? For example banana, apple, orange, 
kiwi fruit, berries. Please include any frozen fruit if eaten raw (such as in smoothies). Do not 
include fruit juice or dried fruit. 
Response options: 0 days per week to 7 days per week 
 
If 1-7 then: 
2. On a day when you eat raw fruits, how many servings of raw fruits do you usually eat? 
1 serving = 1 apple or 1 banana or 2 kiwifruit or 1/2 cup of berries (fresh or frozen) 
Response options: 1-7+ servings 
 
3. What types of raw fruits do you usually eat? Please select all that apply. 
 
 Select all that apply 
Banana  
Apple  
Orange, Mandarin, Tangerine  
Stone fruit (peach, nectarine, apricot, plum)  
Pear  
Berries (fresh)  
Berries (frozen but eaten raw)  
Kiwi fruit  
Grapes  
Grapefruit  
Other (please specify) [Free text] 
 
Cooked Fruit 
1. How many days in a typical week do you eat cooked or canned/tinned fruits? For example 
stewed apple or tinned peaches  
Response options: 0 days per week to 7 days per week 
 
If 1-7 then: 
2. On a day when you eat cooked or canned/tinned fruits, how many servings of cooked or 
canned/tinned fruits do you usually eat? 
1 serving = ½ cup of cooked fruits or ½ tin of canned fruits etc. 
Response options: 1 – 7+ servings 
 












Other (please specify) [Free text] 
 
Chocolate 
1. How many days in a week do you eat chocolate? (e.g., chocolate bars or blocks, chocolate slices 
or baked goods, chocolate desserts, including ice cream) 
Response options: 0 days per week to 7 days per week 
  
If 1-7 then: 
2. On a day when you eat chocolate, how many servings of chocolate do you eat? 
1 serving = one medium chocolate bar or 5 squares of chocolate from a large block 
Response options: 1 – 8+ servings 
 
Candy/Confectionary 
1. How many days in a typical week do you eat candy or lollies? For example fruit bursts, gummy 
bears, sour snakes, liquorice, jubes, barley sugars. Do not include chocolate candies. 
Response options: 0 days per week to 7 days per week 
 
If 1-7 then: 
2. On a day when you eat candy or lollies, how many servings of lollies or candy do you eat? 
1 serving = ½  handful of gummy bears or 5 fruit bursts or 1 medium stick of liquorice 
Response options: 0 days per week to 7 days per week 
 
Hot Chips/ French Fries 
1. How many days in a typical week do you eat hot chips, French fries, kumara chips or 
wedges? 
Response options: 0 days per week to 7 days per week 
 
If 1-7 then: 
2. On a day when you eat hot chips, French fries, kumara chips or wedges, how many servings 
of hot chips, French fries, kumara chips or wedges do you eat? 
1 serving = one cup or 1 small/regular fast food serving or ½ scoop of takeaway hot chips. 
Response options: 1 – 7+ servings 
 
Soda 
1. How many days in a typical week do you drink soda? (Include diet or low calories types) 
Response options: 0 days per week to 7 days per week 
 
If 1-7 then: 
2. On a day when you drink soda, how many servings of soda do you drink? 
1 serving = 250mL 
Response options: 1 – 7+ servings 
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Choose from the following situations that best describes the purchasing, preparation, and 
cooking of your food 
_1_ I mainly eat at my University Residence Hall / Dormitory 
_2_ I mainly buy food and cook as a flat, apartment, or in a group  
_3_ I mainly purchase food and prepare it myself 
_4_ I mainly purchase food and prepare it with my partner 
_5_ My parents mainly prepare my food 
_6_ other: please describe_____________________________ 
 
Do you currently have any food allergies, to the extent that you exclude the food group from 
your diet? Please select all that apply. 
 




Tree nut  
Wheat  
Soy  
Shellfish or fish  
Other (please specify) [Free text] 
 
Vegetarian Status (from the Australian Longitudinal Study on Women’s Health (Baines, 
Powers, Brown, 2006.) 
 
In a typical week, on how many days do you consume alcohol? 
Response options: 0 days per week to 7 days per week 
 
When you consume alcohol, how many standard drinks do you usually consume? 
Response options: drop down 1 to 40+. 
 
MEDICATION USE, SUPPLEMENTS, AND SMOKING 
 
1. Are you currently taking any prescription anti-depressant or mood stabilizing 
medications? 
YES   NO  (1 = yes; 0 = no) 
 
2. Are you currently taking any multivitamin and/or mineral supplements, e.g. Blackmores 




3. Are you currently taking any vitamin c supplements, e.g., Thompson’s Vitamin C, Ester C, 
Healtheries Vit C? 
YES NO 
 
4. Are you currently taking any B Vitamin supplements, e.g., Blackmores Executive B Stress 





5. How often do you currently smoke? 
I don't smoke now (0) 
Less than once a month (1) 
At least once a month (2) 
At least once a week (3) 
At least once a day (4) 
 
 
MENTAL HEALTH MEASURES 
 
Flourishing Scale (Deiner et al. 2010). 
 
SF-36 Vitality Subscale (Ware & Sherbourne, 1992) 
 
Mood Circumplex (based on Barrett & Russell, 1999) 
Typically, do you feel: 
 
  None of 
the time 
0 
A little of 
the time 
1 










MOOD1 happy 0 1 2 3 4 
MOOD2 tense 0 1 2 3 4 
MOOD3 angry 0 1 2 3 4 
MOOD4 enthusiastic 0 1 2 3 4 
MOOD5 relaxed 0 1 2 3 4 
MOOD6 sad 0 1 2 3 4 
MOOD7 excited 0 1 2 3 4 
MOOD8 nervous 0 1 2 3 4 
MOOD9 dejected 0 1 2 3 4 
MOOD10* driven 0 1 2 3 4 
MOOD11 cheerful 0 1 2 3 4 
MOOD12 calm 0 1 2 3 4 
MOOD13* unmotivated 0 1 2 3 4 
MOOD14* engaged 0 1 2 3 4 
MOOD15 pleasant 0 1 2 3 4 
MOOD16 energetic 0 1 2 3 4 
MOOD17 unhappy 0 1 2 3 4 
MOOD18 content 0 1 2 3 4 
MOOD19 annoyed 0 1 2 3 4 
MOOD20 hopeless 0 1 2 3 4 
MOOD21 satisfied 0 1 2 3 4 
MOOD22 joyful 0 1 2 3 4 
MOOD23* lazy 0 1 2 3 4 
MOOD24 good 0 1 2 3 4 
MOOD25* motivated 0 1 2 3 4 
MOOD26 anxious 0 1 2 3 4 
MOOD27 irritable 0 1 2 3 4 
MOOD28 stressed 0 1 2 3 4 
MOOD29 hostile 0 1 2 3 4 
MOOD30* inspired 0 1 2 3 4 
*Not included in the 24-item mood measure  




Creativity (same as Study 1 and Study 2) 
How creative of a person are you? Creativity includes coming up with novel or original ideas; 
expressing oneself in an original and useful way; or spending time doing artistic activity (art, 
music, painting, writing, etc.)  
 
Very Slightly 
or Not at all 
A little Moderately Very much Extremely 
1 2 3 4 5 
 
 
Curiosity and Exploration Inventory-II (CEI-II: Kashdan et al., 2009) 
 
Centre for Epidemiological Studies Depression Scale (CES-D; Radloff, 1977). 
 
Hospital Anxiety and Depression Scale – Anxiety Subscale (HADS-A, Zigmond & Snith, 
1983). 
 




Appendix 12. Statistical Analyses of Sample Differences  
 
Table A12.1.  
Differences between MTURK and Psychology sample in Study 3 
 MTurk Psychology Statistic 
Age 22.28 (1.93) 19.48 (.94) T(363) = 19.712*** 
Gender   χ
2
(2,422) = 11.34** 
Female 61.82% 79.05%  
Male 35.96% 20.95%  
Gender Diverse 2.21% 0.00%  
Ethnicity***   χ
2
(5,422) = 21.89*** 
Caucasian  66.56% 70.48%  
Asian 8.83% 12.38%  
Black 8.20% 0.00%  
Hispanic 6.94% 0.00%  
Mixed 4.73% 10.48%  
Other 4.73% 6.67%  
SES 3.95 (1.24) 4.66 (1.07) T(203) = -5.641*** 
BMI 25.38 (5.70) 23.25 (3.78) T(269) = 4.373*** 
Days of Physical Activity 2.96 (1.97) 3.08 (1.90) T(184) = -0.548 
Sleep (Hours) 7.16 (1.30) 7.59 (1.75) T(144) = -2.317** 
Alcohol (Servings/week 3.71 (6.36) 6.62 (7.39) T(158) = -3.618*** 
Smoker (Yes) 11.99% 4.76% χ
2
(1,422) = 4.50* 
Supplement User (Yes) 34.7% 39.05% χ
2
(1,422) = 0.649 
Medical Condition (Yes) 25.87% 24.76% χ
2
(1,422) = 0.051 
Allergy (Yes) 15.46% 20% χ
2
(1,422) = 1.176 
Depressive Symptoms 18.07 (12.36) 15.90 (10.49) T(207) = 1.755 
Anxiety Symptoms 6.80 (4.62) 5.78 (3.72) T(219) = 2.287* 
Negative Mood  1.44 (.81) 1.38 (.65) T(221) = 0.726 
Positive Mood 2.12 (.85) 2.49 (.62) T(242) = -4.749*** 
Vitality 49.91 (23.3) 56.13 (16.9) T(244) = -2.956** 
Flourishing 40.03 (9.68) 43.30 (7.49) T(228) = -3.590*** 
Curiosity 3.10 (0.87) 3.12 (0.688) T(223) = -.230 
Creativity 3.08 (1.14) 2.91 (1.03) T(195) = 1.355 
Raw FVI 15.09 (12.86) 16.37 (11.5) T(197) = -0.961 
Raw Fruit 8.45 (8.27) 8.92 (6.8) T(214) = -0.579 
Raw Vegetables 6.63 (6.73) 7.45 (7.49) T(164) = -.988 
Cooked FVI 6.46 (6.90) 8.34 (5.78) T(210) = -2.754** 
Cooked Fruit 0.77 (2.5) 0.71 (1.41) T(320) = 0.266 
Cooked Vegetables 5.69 (6.14) 7.63 (5.57) T(195) = -3.011** 
Unhealthy foods 10.56 (10.89) 8.86 (8.42) T(228) = 1.657 
Chocolate 2.76 (3.45) 5.0 (6.17) T(126) = -3.541*** 
Candy 1.29 (2.59) 1.15 (2.22) T(204) = 0.540 
Hot Chips/French Fries 2.32 (3.01) 1.44 (1.66) T(326) = 3.762*** 
Soda 4.18 (8.06) 1.27 (2.34) T(415) = 5.750*** 
Note: * p < .05; ** p < .01; *** p <.001 
 
